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Abstract 
This study proposes a hazard/risk index for environmental, technological, and social 
hazards that may threaten a museum or other place of cultural storage and accession. This index 
can be utilized and implemented to measure the risk at the locations of these storage facilities in 
relationship to their geologic, geographic, environmental, and social settings. A model case study 
of the 1966 flood of the Arno River and its impact on the city of Florence and the Uffizi Gallery 
was used as the index focus. From this focus an additional eleven museums and their related risk 
were assessed. Each index addressed a diverse range of hazards based on past frequency and 
magnitude. It was found that locations nearest a hazard had exceptionally high levels of risk, 
however more distant locations could have influences that would increase their risk to levels 
similar to those locations near the hazard. Locations not normally associated with a given natural 
hazard can be susceptible should the right conditions be met and this research identified, 
complied and assessed those factions found to influence natural hazard risk at these research 
sites. 
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“And the Lord God of hosts is he that toucheth the land, and it 
shall melt, and all that dwell therein shall mourn: and it shall rise 
up wholly like a flood; and shall be drowned, as by the flood of 
Egypt. It is he that... calleth for the waters of the sea, and poureth 
them out upon the face of the earth: The Lord is his name.”  
–The Book of Amos (9:5-7) 
 
“Human history becomes more and more a race between education 
and catastrophe.” 
–H.G. Wells (1866-1946), 
The Outline of History 
 
“Civilization exists by geological consent, subject to change 
without notice.”  
–W. Durant (1885-1981), 
Attributed 
 
“Perhaps catastrophe is the natural human environment, and even 
though we spend a good deal of time away from it, we are 
programmed for survival amid catastrophe.” 
–G. Greer (1939- ), Sex and 
Destiny 
“When the Four rather small and nasty Horsemen of Panic ride 
out there is a good job done by Misinformation, Rumor, and 
Gossip, but they are as nothing compared to the fourth horseman, 
whose name is Denial.”  




Chapter One: Introduction 
“No vestige of a beginning, –no prospect of an end.” 
–J. Hutton (1726-1797), Theory of the Earth 
 
 
Figure 1.1: The rings of Saturn, the small arrow points to the blue dot of Earth  
(National Aeronautics and Space Administration 2014). 
 
Earth, the current home to mankind, is a dangerous place to live. Filled as it is with 
numerous hazards, both naturally occurring and manmade. Hazards such as volcanos and 
earthquakes are usually only found in specific regions.  Other hazards occur over broad areas, 
such as flooding or wildfire.  Some occur seasonally, like hurricanes, typhoons or tropical 
cyclones.  Others can strike anywhere on Earth, like meteorites or lighting.  Some hazards have 
been modified by human intervention.  Rivers and flood plains have existed for some time.  It is 
only when people decide to build, work and live on them that problems arise.  In mankind’s 
efforts to shape the surface of the Earth more towards our likening, problems have been created.  
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Populations are concentrated near coasts and on rivers, in seismically active regions and at the 
foot of slumbering volcanoes.  In our efforts to protect ourselves from the elements we have 
diverted rivers, leveled mountains, removed forests, harnessed the lighting, and split the atom.  
And despite all that it only takes one small twitch of the Earth and a major center of trade is 
burning down to the ground.  One storm in the mountains and an historic city is two stories 
underwater.  One relatively small shudder in the sea floor and a wall of water is advancing on an 
entire coastline. 
The risk associated with these various hazards varies from place to place, and through 
time. The risk of these events occurring can be small for an individual over their tenure at a 
location.  It is not likely that the volcano will erupt.  That a tornado will hit one small house out 
of thousands. However, for a community occurrence of disasters are virtually inevitable (Burton, 
Kates & White 1993). A moving target is harder to hit.  People move, whether away or on.  For a 
community, town, city, institution, moving is not practical or desired.  Often the phenomena that 
provide the incentive to stay is the same phenomena that provides the hazard.  Be it a river, 
volcano, coast line, mountain region etc. The impact of some hazards has become bigger as the 
complexity of society has increased.  
People are transient. The detritus and artifacts of human habitation and enterprise, their 
stuff, is not. Infrastructure, hospitals, fire stations, courthouses, libraries, archives, and museums 
need to be long lasting, they are also not likely to be moved far after their founding.  Institutions 
such as these are both important to the local area (hospitals and fire-stations) or are being used to 
store items of potential high cultural worth (archives and museums). ‘‘Regardless of whether you 
believe the cause is global warming or natural changes in weather patterns, there is no 
disagreement that the frequency and severity of what we call ‘weather events’ are on the rise’’ 
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(Witt 1998). Disasters will occur. They will occur in densely populated areas.  “The increase of 
the physical capital of mankind has been accompanied by its subsequent concentration in 
vulnerable locations or its distribution throughout potential disaster areas” (Alexander 1993).   
What then of mankind’s stuff?  The things that help define who we are as a group, as 
countries, as individuals.  That record our history in stone, bone, gold, ink and paper, canvas and 
paint.  Have they been housed in the safest place? Not only is the location, but the composition 
of the collection, the materials used in constructions, the environment that surrounds a location, 
the stability of the local politics, the wellbeing of the staff, etc. are all involved with a 
collection’s destruction or protection.  “If we’re too fussy about single items, we might forget 
that by spending a lot of resources on one thing, those resources aren’t available for the rest of 
our collection” (Bülow et al. 2014).  
Included in this research is a brief review of the Earth and its hazards.  The hazards 
covered will be those of a geologic, human, atmospheric, or terrestrial nature. The museums that 
will be examined are the Acropolis Museum, Crystal Bridges Museum of American Art, Dallas 
Museum of Art, the Getty Center, the Getty Villa, the Israel Museum, the Louvre, Naples 
National Archaeological Museum, National Archaeology Museum of Athens, the Pérez Art 
Museum, the Smithsonian Institution, and the Uffizi Gallery. These were chosen under the 
assumption that a diverse selection of environments, buildings, and collections will be a broad 
cross-section of museums types. 
This report will examine these locations in the United States as well as in Europe in the 
hopes of developing a risk index for museums and the collections stored there. In the hope that 
this will help identify locations at risk before the possible imminent disaster. 
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Chapter Two- Study Sites 
Within this chapter the localities investigated in the study are discussed.  Their positions, 
elevations, collections, a cursory overview of their facilities, and relationship to their 
surroundings. 
The sites chosen for this were either facilities known for the high quality of their 
collections.  These included the Acropolis Museum, the Getty Center and the Getty Villa, the 
Louvre, the Naples National Archaeological Museum, the National Archaeology Museum of 
Athens, the Smithsonian Institution, and the Uffizi Gallery.  The remainder were chosen for their 
proximity to areas of known hazards.  For example: Crystal Bridges Museum of American Art 
and its proximity to the tornado region of the USA and the New Madid seismic zone in the 
central USA.  Dallas Museum of Art was chosen for its proximity to the USA’s tornado alley.  
The Israel Museum’s was selected for its proximity to the 1949 Armistice Agreement Line with 
Palestine and one of the more active of the world’s tectonic areas.  The Pérez Art Museum was 
chosen for its proximity to the Atlantic and Gulf Coasts and the seasonal tropical cyclones that 
occur there.   
Table 2.1: List of type localities and their geographic locations. 
Name Country Latitude Longitude Possible type locality 
Acropolis Museum GRC 37°58'6.29"N 23°43'42.65"E Earthquake 
(CBMAA) Crystal Bridges 
Museum of American Art 
USA 36°22'54.78"N 94°12'11.44"W Vandalism 
(DMA) Dallas Museum of Art USA 32°47'15.80"N 96°48'2.90"W Tornado  
Getty Center USA 34°4'38.51"N 118°28'29.66"W Wildfire 
Getty Villa USA 34°2'44.07"N 118°33'53.89"W Tsunami 
Israel Museum ISR 31°46'25.70"N 35°12'15.02"E War  
Louvre FRA 48°51'37.40"N 2°20'10.93"E River flooding 
(NNAM) Naples National 
Archaeological Museum 
ITA 40°51'12.27"N 14°15'2.18"E Volcano 
(NAMA) National Archaeology 
Museum of Athens  
GRC 7°59'20.48"N 23°43'57.94"E Civil Disturbance 
Pérez Art Museum USA 25°47'9.85"N 80°11'11.25"W Hurricane 
Smithsonian Institution USA 38°53'14.83"N 77°1'33.44"W Sea level rise 






Figure 2.1: The relative locations of the Louvre, Uffizi, NNAM, the Acropolis, the NAMA and 
Israel Museums (Google Earth 2014) 
 
 
Figure 2.2: The relative locations of the Getty, the Getty Villa, DMA, Crystal Bridges, Perez and 




2.1 The Acropolis Museum 
 Latitude: 37°58'6.29"N 
 Longitude: 23°43'42.65"E 
 Elevation: 73 m 
 Founded: 2003 
 Visitors: 1,036,059 in 2012-2013 
 Collection +4,250 
 Address: Dionysiou Areopagitou Street, Athens, Greece 
 
The Acropolis Museum in Athens was founded in 2003 and opened to the public in June 
of 2009.  The previous museum was located on the Acropolis and was completed in 1874. The 
collection is displayed within 14,000 m2 of gallery space. The focus of the museum’s collection 
is the archaeological site of the Acropolis, the museum houses many objects found on this the 
site.  The building itself is built over an archaeological site from the Classical and the early 
Byzantine eras. Due to the building’s location in the complex geologic terrain it was designed to 
withstand strong earthquakes.  The museum located at the base of the Acropolis plateau, within 
the Attica Basin, 280 m away from the Parthenon temple to Athena (438 BCE).  The Parthenon 
is considered a symbol of Ancient Greece, Athenian Democracy and Western civilization, its 
sculptures are considered among the pinnacle of Greek art, and among these are the Elgin 
Marbles; now displayed in the British Museum in London.  The hopeful return of the Elgin 




Figure 2.3: Acropolis Museum building in Athens (Bernard Tschumi Architects 2014). 
 
 
















2.2 Crystal Bridges Museum of American Art 
 Latitude: 36°22'54.78"N 
 Longitude: 94°12'11.44"W 
 Elevation: 373 m 
 Founded: 2011 
 Visitors: 656,012 in 2011-2012 
 Address: 600 Museum Way, Bentonville, Arkansas, USA 
 
Crystal Bridges Museum of American Art is located in the wooded hills of northwest 
Arkansas, USA. The location sits upon alluvium over sedimentary rocks of mostly Mississippian 
age. The museum is located about 400 km from the New Madrid seismic zone. The facility was 
founded by Alice Walton, daughter of Walmart founder Sam Walton, and opened in November 
of 2011. The museum houses American art from the Colonial era to contemporary work and has 
amassed $488UD in assets as of August 2008.  The collection is displayed in 20,200 m2 of 
galleries. All art within the collection is by USA citizens.  The Bachman Wilson House by Frank 
Lloyd Wright was relocated to a site on the museum grounds.  The museum is also home to 
works by Jasper Cropsey, Asher Durand, Norman Rockwell and Walton Ford. The museum in 




Figure 2.8: Crystal Bridges Museum of American Art (Hursley 2014). 
 
 









Figure 2.11: Portrait of George Washington (1797) by Gilbert C. Stewart (1755-1828) (Stewart 




2.3 Dallas Museum of Art 
 Latitude: 32°47'15.80"N 
 Longitude: 96°48'2.90"W 
 Elevation: 137 m 
 Founded: 1903 
 Visitors: +1,000,000 in 2009 
 Collection: +24,000 objects  
 Address: 1717 N. Harwood, Dallas, Texas, USA 
 
The Dallas Museum of Art is located in the Arts District of downtown Dallas, TX. The 
locations sits upon alluvium over sedimentary rocks that are mostly Cretaceous in age. The 
facility is located within the tornado prone region of the US. The Museum moved from its 
previous location in Far Park to the Arts District in 1984. The museum is located along the 
Woodall Rodgers Freeway in northeastern Texas, USA. The museum is home to a collection 
ranging in age from the early Bronze Age to the present day along with a 50,000 volume library. 
The collection contains art from the Mediterranean, South Asia, 16th century European, Africa, 
ancient Americas, contemporary America and the decorative arts and design.  The museum has 
significant works by Francis Bacon as well as works by Vincent van Gogh and Auguste Rodin. 
 




Figure 2.13: Dallas Museum of Art, aerial view (Trip Advisor 2014). 
 
 
Figure 2.14: The Seine at Lavacourt (1880) by Claude Monet (1840-1926) (Monet 1880). 
Currently on display at Dallas Museum of Art. 
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2.4 Getty Center 
 Latitude: 34°4'38.51"N 
 Longitude: 118°28'29.66"W 
 Elevation: 268 m 
 Founded: 1997 
 Visitors: 1,153,903 in 2009 
 Address: 1200 Getty Center Dr., Los Angeles, CA, USA 
 
The Getty Center is located wooded hills overlooking Los Angeles, CA, along the San 
Diego Freeway, and 63 km from the San Andres Fault. The museum features pre-20th century 
European artworks and 19th and 20th century American, Asian and European photographs.  The 
campus also houses the Getty Research Institute, the Getty conservation Institute, the Getty 
Foundation, and the J. Paul Getty Trust.  The collection includes works by Rembrandt, Monet, 
and van Gogh.   
 








Figure 2.17: Getty Center, overall site plan (Sveiven 2011). 
 
 





Figure 2.19: Irises (1889) by Vincent van Gogh (1853-1890) (Gogh 1889). Currently on display 
at the Getty Center.  
 
2.5 The Getty Villa 
 Latitude: 34°2'44.07"N 
 Longitude: 118°33'53.89"W  
 Elevation: 53 m 
 Founded: 1954, reopened 2006 
 Collection: 44,000 antiquities 
 Visitors: 405,710 in 2010 
 Address: 17985 Pacific Coast Highway, Pacific Palisades, California, USA 
 
The Getty Villa is located in the wooded hills of the Pacific Palisades neighborhood of 
Los Angeles, CA, 0.44 km from the Pacific Coast, and 70 km from the San Andres Fault. The 
museum is dedicated to the Greek, Rome, and Etruscan arts and cultures with artifacts from 
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6,500 BCE to 400 CE. The building is modeled form the Villa of the Papyri at Herculaneum, 
Italy. Notable pieces include the Lansdowne Heracles and the Victorious Youth. 
 





Figure 2.21: The Getty Villa, aerial view (Hernandez 2014). 
 
 








2.6 The Israel Museum 
 Latitude: 31°46'25.70"N 
 Longitude: 35°12'15.02"E 
 Elevation: 776 m 
 Founded: 1965 
 Visitors: +1,000,000 in 2011 
 Address: 11 Ruppin Boulevard, Hakyria, Jerusalem 
 
The Israel Museum is located on a wooded hill in the Givat Ram neighborhood of 
Jerusalem, near the Israeli Supreme Court and the Hebrew University of Jerusalem.  The 
museum is also located 32 km from the Dead Sea Transform Fault and 2 km from the 1949 
Armistice Agreement Line with Palestine. The museum is Israel’s national museum and is home 
to the Shrine of the Book, which houses the Dead Sea Scrolls. The Museum also has a model of 
the Second Temple, European, Modern and Israeli art, historic artifacts, and an Art Garden.  
 





Figure 2.25: The Israel Museum, layout (Israel Museum 2014). 
 
 









Figure 2.28: Ahava Sculpture (1976) by Robert Indiana (1928- ) (Indiana 1976). Currently on 
display at the Israel Museum.  
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2.7 The Louvre 
 Latitude: 48°51'37.40"N 
 Longitude: 2°20'10.93"E 
 Elevation: 34 m 
 Founded: 1792 
 Visitors: 9.7 million in 2012 
 Collection: 35,000 
 Address: Musée du Louvre, 75001 Paris, France 
 
The Louvre is located on the bank of the Seine River near the center of the historic city of 
Paris, France, it the world’s most visited museum.  The museum is housed in the Louvre Palace 
and consists of three wings: Richelieu, Sully, and Denon.  The eight departments within the 
Louvre are: Egyptian Antiquities; Near Eastern; Greek, Etruscan and Roman; Islamic; Sculpture; 
decorative arts; painting; prints and drawings.  The museum is home to the Mona Lisa, the Nike 
of Samothrace (winged Victory), and the Venus de Milo. 
 














Figure 2.32: La liberté guidant le people (1830) by Eugène Delacroix (1798-1863) (Delacroix 
1830).  Currently on display in the Louvre.  
 
2.8 Naples National Archaeological Museum 
 Latitude: 40°51'12.27"N 
 Longitude: 14°15'2.18"E 
 Elevation: 59 m 
 Founded: 1585 
 Visitors: 
 Address: Piazza Museo, 19, 80135 Napoli, Italy 
 
“No catastrophe has ever yielded so much pleasure to the rest of 
humanity as that which buried Pompeii and Herculaneum.”  
–J.W. von Goethe, Italian Journey 
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The Naples National Archaeological Museum is located in the historic city of Naples in 
southern Italy and is 15 km from the active volcano Mt. Vesuvius. The museum contains a large 
collection of Roman artifacts from Pompeii, Stabiae and Herculaneum.  Along with others 
produced in the Greek, Roman and Renaissance times.  The museum is well regarded worldwide 
and is home to such objects as the Farnese Cup, engraved gems, the Herculaneum papyri, and the 
Farnese Marbles.  
 





Figure 2.34: The Naples National Archaeological Museum, aerial view (Google Earth 2014). 
 
 
Figure 2.35: The Alexander Mosaic (100 BCE) by an unknown artist (Piero 2008). Currently on 
display at the Naples National Archaeological Museum. 
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2.9 National Archaeology Museum of Athens 
 Latitude: 7°59'20.48"N 
 Longitude: 23°43'57.94"E 
 Elevation: 76 m 
 Founded: 1829 
 Visitors: 
 Address: 28is Oktovriou 44, Athens 106 82, Greece 
 
The National Archaeological Museum of Athens is located within the historic city of 
Athens in the Exarcheia area of the city.  The museum is world-renowned for its collection of 
artifacts from the ancient Greeks.  It houses objects such as the Antikythera mechanism and a 
recreation of the Athena Parthenos, among others.  
 





Figure 2.37: The National Archaeology Museum of Athens, aerial view (Google Earth 2014). 
 
 
Figure 2.38: The Mask of Agamemnon (1550-1500 BCE) by an unknown artist (Rosemania 
2010). Currently on display in the National Archaeological Museum of Athens. 
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2.10 Pérez Art Museum 
 Latitude: 25°47'9.85"N 
 Longitude: 80°11'11.25"W 
 Elevation: 3 m 
 Founded: 2013 
 Visitors: 200,000 expected in 2013-2014 
 Address: 1103 Biscayne Boulevard, Miami, Florida, USA 
 
The Pérez Art Museum of Miami is located in Downtown Miami, FL, behind a barrier 
island on the Atlantic side of the Floridian Peninsula.  The museum is part of the new Museum 
Park which it shares with the new Patricia Frost Museum of Science. The focus of the museum is 
20th century art, contemporary art, and the art of the Atlantic Rim.  
 





Figure 2.40: The Pérez Art Museum, aerial view (Arquitectonica 2014). 
 
 
Figure 2.41: For Those in Peril on the Sea (2011) by Hew Locke (1959- ) (Allen 2013).  





2.11 Smithsonian Institution 
 Latitude: 38°53'14.83"N 
 Longitude: 77°1'33.44"W 
 Elevation: 8 m 
 Founded: 1846 
 Visitors:30 million in 2013 
 Collection: 137 million 
 Address: 1000 Jefferson Dr. SW, Washington, D.C. 
 
The Smithsonian Institution is a group of museums and research centers with a core in 
Washington DC of nineteen museums, nine research centers and a zoo.  With other centers 
located elsewhere.  The main campus of the Smithsonian is located near the Washington 
Monument, the US Capital building, the Pentagon, and the Potomac River. The collections of the 
Smithsonian include diverse objects such as the Hope Diamond, the Ruby Slippers from the 
‘Wizard of Oz,’ art, zoological specimens, aircraft and spacecraft, historic documents, and living 
animals among others.  
 




Figure 2.43: The Smithsonian Institution, aerial view (Buckley 2011). 
 
 
Figure 2.44: The Hope Diamond (Smithsonian Information 2014). Currently on display in the 
Smithsonian Natural History Museum. 
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2.12 Uffizi Gallery 
 Latitude: 43°46'3.53"N 
 Longitude: 11°15'19.22"E 
 Elevation: 50 m 
 Founded: 1581 
 Visitors: 1.9 million in 2013 
 Address: Piazzale degli Uffizi, 6, 50122 Firenze FI, Italy 
 
“The 1966 flood was an almost classic example of how to ensure 
that foods will recur.” 
- R.M. Klein, The Florence Floods 
 The Uffizi ‘offices’ Gallery is one of the oldest and most famous art museums in Europe.  
The museum is located on the bank of the Arno River as it flows through the historic city of 
Florence, Italy.  It will be covered more in-depth in Chapter 4. 
 








Figure 2.47: The Uffizi Gallery, floor plan (About Florence Earth 2014). 
 
 
Figure 2.48: The Tribuna of the Uffizi (1778) by Johann Zoffany (1733-1810) (Zoffany 1778). 
The painting depicts part of the Uffizi’s collection.  Tribuna is part of the United Kingdom’s 




Chapter Three: Prior Research 
 Earth: home to mankind; Earth: also host to hazards. Hazards being that part of the 
environment detrimental to human use. This would not be an issue if humans did not live around 
hazards. But like the Sirens calling the sailors onto the rocks, hazards often seem equally 
alluring. Whether it is a lovely mountain that periodically explodes in a fiery cloud of scalding 
ash. Or a placid river, acts as an artery of trade, that happens to flood every so often; destroying 
homes and businesses along it. The charming white sand beach on the coast, the coast that 
occasionally plays host to a migrating storm system with gale force winds. However that 
volcanic mountain is home to some lovely farmland. That flooding river is replenishing the soil. 
That coast has some of the best fishing around. In any case, why move? Modern science can 
predict most anything, or so it seems, in time for most people to move out of the way of the 
advancing disaster. However, what of our stuff? Our large libraries, data banks, archives, 
collections etc. At best there may be a few days of warning, at worst none. How easy would it be 
to move a collection to higher ground before a flood or hurricane, for example? While the small 
family could conceivable pack all that is truly important in a small car and leave before the 
looming disaster. Large institutions may only be able to rescue a few select items ahead of the 
coming disaster.  
 How well are the hazards of a place known to those who live and work there? How safe 
is mankind’s collective heritage? The art that depicts our ideals, the archives that record history, 
and the artifacts that may show how we became what we are. All the stuff accumulated away in 
mankind’s collective attic. Hazards can be both naturally occurring, volcanoes and earthquakes, 




locations in the hopes of developing a risk index for museums and the stored collections. In the 
hope that this will help identify locations at risk before the possible coming disaster strikes.  
3.1 Development of the Earth 
“Of earth, air, ocean, and of liquid fire, 
How all that is from these beginnings grew, 
And the young world itself took solid shape, 
Then 'gan its crust to harden, and in the deep 
…mould the forms of things 
Little by little; and how the earth amazed 
Beheld the new sun shining, and the showers 
Fall, as the clouds soared higher, what time the woods 
'Gan first to rise, and living things to roam 
Scattered among the hills that knew them not.” 
-Virgil (70-19 BCE), Eclogue VI 
 
The planet, known to its indigenous inhabitants as Earth, formed from a solar nebula 
about 4.55 billion years ago (Patterson 1956). This solar nebula contracted to form the Sun, the 
planets, comets and the other celestial bodies of the solar system. The contraction of the nebula 
in towards the proto-sun increased the nebula’s rate of rotation, causing the matter to coalesce 
into the proto-planetary disk that encircled the newly formed Sun. Due to the infrared radiation 
of the nascent Sun, those ice particles residing within a radius of five Astronomical Units (AU, 
1.5x10^8 km) from the Sun sublimated, leaving behind those particles composed of refractory 
compounds; i.e. metal oxides. Beyond five AU from the Sun, the proto-planetary disk remained 
cool enough for the ice particles to survive. Within the radius of five AU there are the terrestrial 
planets: Mercury, Venus, Earth, and Mars. Beyond this five AU radius are the gaseous planets: 
Jupiter, Saturn, Uranus, and Neptune. Earth exists at one AU from the Sun and is composed 
mostly of oxygen and silicon with smaller percentages of aluminum, iron, calcium, magnesium, 




The proto-Earth accreted from impacts of smaller objects; a collision with a Mars-sized 
proto-planet caused the formation of the Moon from the resulting debris. The proto-Earth was 
heated by the impacts of these smaller bodies, by decay of radioactive atoms, and by 
compression caused by the increasing amount of matter. This increase in heat melted the Earth 
and allowed it to become internally differentiated. Because of this the Earth has a solid inner 
core of iron and nickel, a liquid outer core also composed of iron and nickel, an asthenosphere 
composed of peridotite rocks, and a lithosphere composed of silicate minerals such as the 
feldspars and quartz (Faure & Mensing 2007).  
 
Figure 3.1: Internal Structure of the Earth, radius in thousands of kilometers, modified 
(Faure & Mensing 2007) 
 
3.2 Tectonism 
“Such changes in the superficial parts of the globe seemed 
to me unlikely to happen if the earth were solid to the centre. I 
therefore imagined that the internal parts might be a fluid more 
dense, and of greater specific gravity than any of the solids we are 
acquainted with, which therefore might swim in or upon that fluid. 
Thus the surface of the globe would be a shell, capable of being 
broken or disordered by the violent movements of the fluid on 
which it rested.” 




The theory of plate tectonics concerns the formation and structure of the Earth’s crust. 
The theory was first introduced by A. Wegener (1880-1930), a German meteorologist, in ‘The 
Origins of Continents and Oceans’ as the theory of continental drift. This theory was later 
modified by other geoscientists through the addition of later discoveries into the theory which 
describes the processes of creating mountains, earthquakes, volcanoes and other phenomena due 
to the movement and interaction of the plates forming the Earth’s crust and hence a unified 
explanation of the Earth’s major surface features (Kearey, Klepsis & Vine 2009).  
 
Figure 3.2: The Earth’s plates and plate boundaries. (USGS 2014). 
 
Plate tectonics owes its existence to several sources. The first is radioactive decay of 
certain atoms, i.e. uranium and potassium. When isotopes of these elements decay into their 
daughter elements they also release energy. The energy released by these unstable isotopes, 
along with the remnant heat from formation and compression, would have little effect if it were 
not for the Earth’s size. The Earth is the largest of the terrestrial planets, with a radius of 6,378 




volume to retain the heat released from radioactive decay and remnant heat from the planet’s 
formation. This heat has caused the Earth to become internally differentiated, with a well-defined 
inner and outer core, asthenosphere and lithosphere. Due to this internal differentiation the Earth 
has some rather entertaining properties; the first is the geomagnetic field. This magnetic field is 
attributed to a dynamo effect between the molten outer core and the solid inner core. The 
magnetosphere produced by this geomagnetic field extends several tens of thousands of 
kilometers into space and protects the surface of the Earth from cosmic rays generated by the 
Sun (Faure & Mensing 2007).  
The second side effect of the Earth’s internal heat is the state of the asthenosphere. The 
asthenosphere is a layer of the Earth that is about 2,900 km thick. The temperature within the 
asthenosphere varies between 500oC near the boundary with the lithosphere to over 4,000oC near 
the boundary with the core (Faure 1998). Because of this temperature difference between the 
lithosphere and the core, and also due to the effects of intense pressure on solid rock, there exist 
within the asthenosphere convective cells. When these cells reach the thin rind that is the crust 
(15 to 35 km thick) they have a few noticeable effects. Upwelling within the asthenosphere 
causes geographic highs; down-welling produces lows. Where the cells reach the base of the 
lithosphere the cells drag it along; where two fragments are forced apart due to upwelling; rifts 
are produced, and eventually new ocean basins. If two fragments are forced together, trenches 
develop where the denser piece of crust is forced under the more buoyant; if the fragments have 
the same density they produce mountain chains similar to the Himalayas (Keary, Klepsis & Vine 
2009).  
This deformation of the Earth’s surface is all a byproduct of the Earth’s size, internal heat 




Mars. Mars, radius 3,389 km (Faure & Mensing 2007), radiated its heat to space and gradually 
cooled. The only magnetic fields present on Mars are remnants recorded in igneous rock bodies. 
Mars’s surface is tectonically stable, its center cooling. Alternately, suppose the surface of the 
Earth resembled that of its sister planet, Venus. Both are of similar size; Earth’s radius of 6,378 
km and Venus 6,052 km (Faure & Mensing 2007), both have atmospheres, both are internally 
differentiated; surely their surfaces resemble one another, tectonically speaking. But this is not 
the case. Venus’s surface is comprised of one continuous plate that gradually deforms; Earth is 
home to seven major plates, six plates of intermediate size, and over a dozen small plates jostling 
around on its surface. This is in part due to the two planets average surface temperatures: 
Venus’s at +464oC and Earth’s at +15oC (Faure & Mensing 2007); one of which promotes brittle 
failure and the other does not.  
An ending note for Earth’s tectonic situation is a result of these relatively cool surface 
temperatures, this allows for brittle failure of the crust and the existence of liquid surface water 
in large quantities. These large concentrations of water cover up to 75% of the Earth’s surface in 
bodies called oceans and seas (Redfern 2003). It is because of this water that there exists on 
Earth the land feature called stratovolcanoes or composite volcanos. These volcanos can be 
found along plate boundaries where oceanic lithosphere is actively being overridden by the 
relatively buoyant continental lithosphere (Faure & Mensing 2007). These composite volcanos 
form at the points where melt derived from the subduction of the oceanic lithosphere rises 
toward the surface due to its buoyancy. However, as the sub-ducting lithosphere moves toward 
the interior of the Earth the temperature rises but so does the pressure. Without some outside 
force no melt would be derived from forcing the lithosphere at depth. Luckily, water is carried 




pressure to create the melt that can rise to the surface and form composite volcanos (Stern 2002). 
The other two main types of volcanos, shield and cinder, exist on other planetary bodies in the 
solar system. Olympus Mons on Mars, a shield volcano similar to the Hawaiian Islands, may be 
the largest volcano in the solar system. Jupiter’s moon Io may be the most volcanically active 
body in the solar system. However, due to the copious amounts of water on Earth’s surface 
composite volcanos may be unique to Earth (Keary, Klepsis & Vine 2009). 
3.3 Weathering and Erosion 
“Tingo- (Pascuense, Easter Island) to borrow things from a 
friend’s house, one by one, until there’s nothing left.” 
-A.J. de Boinod, The meaning of tingo 
 
Weathering is the process involving the breaking down of something by either physical 
weathering; i.e. hitting with a hammer, or chemical weathering; i.e. dissolving with acid. Erosion 
is the transport of this weathered material some distance from its source. The principle agent of 
weathering and erosion is water in all its forms (Plummer, Carlson, McGeary 2007). 
Weathering and erosion assaults the Earth’s surface due to the Earth’s spherical shape, 
atmosphere, rotation, and axial tilt. The atmosphere provides insulation, which allows for water 
to exist on the Earth’s surface. The spherical shape causes the incoming solar radiation to hit at a 
different angle at the equator compared to the poles, thus causing differential heating. Rotation 
causes day and night and with them differential heating. The axial tilt of the Earth causes the four 
seasons experienced by some of the Earth’s inhabitants due to the change in angles of incoming 
solar radiation, and also differential heating (Bell 2007). Due to this differential heating of the 
Earth’s surface, pressure differences arise within the atmosphere. The air of the atmosphere 
flows from high to low pressure, and from this is generated wind. The heating of the Earth’s 




atmosphere until something causes it to condense and fall as precipitation (Redfern 2003). What 
causes this condensation is varied. If the vapor encounters a mountain range, it is forced up and 
over the obstruction; the vapor is forced out of the air as rain, this process is called orographic 
lifting and contributes to the leveling of mountain ranges (Pidwirny & Jones 2014). Air can also 
be forced aloft along fronts; where the warm, moist, buoyant air is lifted along a denser cold 
front. Air is also forced aloft due to convection, like that found in summer thunderstorms or in 
hurricanes. This transport of water in various forms and its eventual fall due to gravity is the 
foundation of weathering and erosion (Plummer, Carlson, McGeary 2007).  
3.4 Life on Earth 
Due to the Earth’s tectonism, the planet has topography despite the desperate efforts of 
weathering and erosion trying to bevel everything to sea level. It is thanks to the ballet of 
tectonics, weathering and erosion that there is land to stand on. Tectonics to build up; weathering 
and erosion to bring down. Without them the Earth would be quite different and not likely 
something that would be easy to live on (Pullen 2009). A side effect of having all this wonderful 
topography to stand on is living on an unstable Earth. An unavoidable consequence of living on a 
planet that is unstable is that periodically some event will occur in an inhabited area. Not all 
earthquakes will occur in the remote regions of Alaska nor do tropical cyclones avoid the 
world’s coasts.  
Disasters will impact human habitation, such as the 1906 (Nobleman 2007) and 1989 
(Perkins & Boatwright 1995) earthquakes in the San Francisco area, the 2004 tsunami in the 
Indian Ocean (Karan & Subbiah 2011), the destruction of Pompeii by Mount Vesuvius in 79 CE 
(Boer & Sanders 2002), the hurricane of 1900 that destroyed Galveston TX (Halstead 1900), the 




(Prevatt et al. 2013); and the numerous other events that have occurred during mankind’s tenure 
on this planet for the last two million some odd years.  
“Almost no portion of the planet’s surface is free from the 
risks produced by hazardous natural events. Scattered around the 
planet are 516 active volcanoes from which eruptions occur 
approximately once each fifteen days. The global network of 
earthquake monitoring instruments currently records 
approximately 2,000 tremors beneath the crust of the earth each 
day and, almost twice each day, earthquakes of a magnitude 
sufficient to damage buildings and other structures occur 
somewhere on the face of the planet. Quakes of sufficient strength 
to produce widespread damage and death occur fifteen to twenty 
times each year. Above the surface of the earth, 1,800 orbiting 
thunder storms can be observed at any given time and lightning 
strikes the planet’s outer skin at the rate of 100 times per second. 
In late summer, 50 or more hurricanes can be observed forming 
somewhere in the world and, during approximately the same 
season, from 600 to 1,000 tornadoes strike somewhere in the 
United States at a rate of four or more per day. Nearly one half 
billion members of the planet’s total population now reside in 
riverine and coastal flood plains where they produce one third of 
the world’s total products and, on any given day, some fraction of 
these plains are covered by floodwaters.” 
-A.A. Atkisson, W.J. Petak, and D.J. Alesch, 
“Natural hazard exposures, losses and 
mitigation costs in the United States, 1970-
2000” 
 
As far as physical environments go, the Earth can be a precarious place to live. How 
precarious varies from place to place and through time. Uncertainty is a fact of life. In order to 









“Risk- (noun) the possibility that something bad or unpleasant 
(such as an injury or a loss) will happen” 
-Merriam-Webster Dictionary, 2014 
 
A problem infuses the life of man, the need to choose. Intricately linked with this need to 
choose is the reality of risk. Daily activities carry risks of injury. To reduce these risks by staying 
at rest causes even more risks, such as bad health. To move, to go work, to not go to work, or to 
play presents new risks. We often disregard these risks. Fatal accidents of one in a million per 
person per year do not worry most people. While aware of such risks, such as death by 
earthquake in California USA (seven in a million), most people believe it will not happen to 
them. Risks such as these are referred to by phrases such as ‘an act of God’, suggesting a 
soupçon of resignation. Risks are inherent in our lives (Dinaman 1980).  
In view of the inevitability of risk, there is an increasing awareness of the futility of 
demanding zero risk in matters of public policy. Reduction of a risk often involves reduction of 
whatever benefit is associated with the risk (Fischhoff et al. 1978). Human existence lacks total 
assurance and there is no such thing as a risk-free life (Dinaman 1980). 
Table 3.1: Involuntary Risks (Dinaman 1980) 
Event Risk of death 
Struck by automobile (USA) 1 in 20,000 
Struck by automobile (UK) 1 in 16,600 
Floods (USA) 1 in 455,000 
Earthquakes (CA, USA) 1 in 588,000 
Tornadoes (Midwest, USA) 1 in 455,000 
Lighting (UK) 1 in 10 million 
Falling aircraft (USA) 1 in 10 million  
Explosion, pressure vessel (USA) 1 in 50 million 
Release from atomic power station 1 in 20 million 
    -at site boundary (USA) 1 in 10 million 
    -at 1 Km (UK) 1 in 10 million 
Flooding of dike (NLD) 1 in 10 million 
Bites of venomous creatures (UK) 1 in 6 million 




A natural hazard is the pre-disaster situation, in which there exists some risk of disaster 
because of the human population has placed itself in a situation of vulnerability. Risk is a 
concept that mankind has invented to help understand and cope with the unstable Earth and an 
uncertain life. While the dangers are real, there is no such thing as ‘real risk’ or ‘objective risk’ 
(Slovic & Weber 2002). 
There are various ways of classifying risk including: risks per hour of exposure (Sowby 
1965), annual probabilities of death (Wilson 1979), and reduction in life expectancy (Cohen & 
Lee 1979). There is even some scientific evidence that ‘risk’ means different things in different 
contexts to different people (Crouch & Wilson 1982) and (Fischhoff, Watson & Hope 1984). For 
some analysts risk is the expected loss of life of expectancy; for others it is the expected 
probability of premature fatality. Some of the apparent disagreement between experts and lay 
people regarding the magnitude of risks may be due to differing definitions of risk (Fischhoff, 
Watson & Hope 1984) and (Slovic, Fischhoff & Lichtenstein 1979b). When experts judge risk, 
their responses are usually highly correlated with the technical estimates of annual fatalities. Lay 
people can evaluate annual fatalities if they are asked to; their judgments of ‘risk’ are related 
more to other hazard characteristics, i.e. catastrophic potential or threat to future generations. As 
a result, their judgments tend to differ from other lay people’s and experts’ estimates of annual 
fatalities (Slovic 1987). 
It is difficult to know exactly what someone means when a risk is described as ‘very 
likely’ or ‘rare’, such as a volcano erupting being very likely to occur over geologic time, but an 
eruption being rare on any given day; or for experts to gauge nonprofessional perceptions 
expressed in those terms. The terms mean different things to different people, to different 




rare disease vs. rare Razorback Bowl Game), the definition and use varies even within groups of 
experts.  
Many risks people consciously chose are the result of deliberate decisions to get the best 
deal possible for themselves and for those important to them. To make such decisions wisely 
individuals need to understand the risks and the benefits associated with alternative courses of 
action. They also need to understand the limits to their own knowledge and the limits to the 
advice proffered by various experts. People can and are hurt by inaccuracies in their perceptions. 
They are also hurt by inaccuracies in what various risk managers believe about those 
perceptions. If their understanding is overestimated, then people may be thrust into situations 
that they are not prepared to handle. If their understandings are underestimated, people may be 
excluded from decisions that they could make. The price of misperceptions of risk may be 
exacted over the long run, as well as in individual decisions (Fischhoff, Bostrom & Quadrel 
1993).  
Over time intervals of 25, 50, and a 100 years a significant percentage of people seem 
unwilling to choose any future oriented program over a present one, primarily because they feel 
society will find a way to save the people at risk anyway. This, along with confidence in 
technological progress, shows that people want to save lives now as opposed to the uncertain 
future. They claim uncertainty about the future as a reason for being oriented to the present 
(Cropper, Aydede & Portney 1991). 
Conversely, misdirected communications from experts or others can prompt unfortunate 
decisions by neglecting key information, failing to challenge misconceptions, create confusion 
by prompting inappropriate assumptions, by emphasizing irrelevant information, and provoke 




alarm or complacency poor communications can have greater public health impact than the risks 
that they attempt to describe (Fischhoff 1987) and (Slovic 1987). Preparation can keep 
communications from adding to the problem. At some point when making complex decisions 
people give up and go with what seems right. Good risk communications can help people get 
further into the problem before that happens (Fischhoff, Bostrom & Quadrel 1993). 
In a 1985 study to determine perceived risk by Slovic, Fischhoff and Lichtenstein, 
participants were asked to consider the risk of dying as a consequence from thirty activities or 
technological hazards. Three studies were undertaken in which the participants were asked to 
rank a series of hazards, the risk characteristics of these hazards, and rate the acceptability of 
current levels of risk. The end result is the chart seen below.  
 
Figure 3.3: Attitudes toward regulation of the hazards in the preceding figure. The larger the 
point, the greater the desire for strict regulation to reduce risk  






Figure 3.4 and 3.5: Above, locations of 81 hazards on factors 1 and 2 derived from the 
relationships among 18 risk characteristics. Below, the factors; each factor is made up of a 
combination of characteristics as dedicated by the lower diagram (Slovic 1987). 
 
All groups judged that handguns, smoking, cars, and alcohol represented relatively high 
in risk; and mowers, antibiotics, home appliances, and vaccinations as relatively low in risk. 




electric power more risky than did the lay groups. Nuclear power was viewed as the most strictly 
regulated activity at the time and was also seen as one of the activities in need of increased 
regulation. Other hazards judged to need more regulation were food coloring, food preservatives, 
handguns, pesticides, smoking, and spray cans. Respondents identified only one activity, 
alcoholic beverages, as over-regulated. Less than six percent of responses called for an outright 
ban of a given activity or technology, and most of these bans were distributed among nuclear 
power, handguns, and (the bane of civilization) food coloring. Hazards viewed as voluntary 
tended to also be viewed as controllable; hazards whose adverse effects are delayed tend to be 
seen as posing risks that are not well known, and so on (Slovic 1987). The experts agreed with 
one another in their ratings of risk characteristics more than the members of the other groups. 
This research suggests that lay estimates of risk are subject to bias (Slovic, Fischhoff & 
Lichtenstein 1985a). 
Some causes of death consistently received higher estimates than others. These proved to 
be causes that are disproportionately visible (reported in the news, personal experience). These 
biases seem to reflect a general tendency to estimate the frequency of events by the ease with 
which they are recalled, while at the same time failing to realize what an imperfect index such 
availability actually is (Kahneman, Slovic & Tversky 1982) and (Tversky & Kahneman 1973). 
However, studies by Svenson (1981) and Weinstein (1980) found that most people in most 
situations see themselves as facing less risk than others. A variety of processes could account for 
such biases, including both mental, e.g. greater availability of precautions, and motivational, e.g. 
wishful thinking. Such biases could cause unwanted risk taking, because warnings seem more 




With regard to the perception of risk, different groups generally agree on risk qualities 
but not on their attitudes toward risk; expert judgments differ significantly from lay judgments 
(Slovic, Fischhoff & Lichtenstein 1985a). The multidimensional nature of risk implies that 
hazards that are similar in many ways still cause different reactions. A result of mankind’s need 
to classify everything has resulted in elaborate lists of hazards, where the exposure to hazards are 
adjusted so that they pose equivalent risks, e.g. both one tablespoon of peanut butter and fifty 
years of living at the boundary of a nuclear power plant create a 1/10,000,000 risk of premature 
death (Fischhoff, Bostrom & Quadrel 1993).  
The Chemical Manufacturers Association commissioned a guide ‘Risk communication, 
risk statistics, and risk comparisons: a manual for plant managers’ by V.T. Covello, P.M. 
Sandman, and P. Slovic, for risk comparisons which presents such lists. However, the guide 
recognizes that such comparisons are often perceived as self-serving, as it includes the attached 
caution, “WARNING! USE OF DATA IN THIS TABLE FOR RISK COMPARISON 
PURPOSES CAN SEVERELY DAMAGE YOUR CREDIBILITY” (Covello, Sandman & 
Slovic 1988). 
3.6 Disasters 
“What region of the earth is not full of our calamities?” 
-Attributed to Virgil (70-19 BCE) 
Disasters are different from catastrophes. In a catastrophe, the effects of a disaster are felt 
throughout society, or perhaps the world (World Bank 1991). Sheehan and Hewitt (1969) 
defined disasters as “those events leading to a hundred deaths, ten injuries, or one million dollars 
in damages”. Using this definition, a disaster is an event that causes death, damage (to people or 
property), money loss, or some combination of the three. The World Bank classifies disasters as 




earthquake, flood, or tropical cyclone) that totally disrupts a country’s economy (Hallegatte & 
Przyluski 2010). At the present levels of technology, disasters caused by geophysical and 
climatic hazards cannot be prevented. A better track record has been established with biological 
hazards, which can be prevented in most cases, subject to economic limitations (Burton, Kates & 
White 1964). When a region’s disaster proneness is well known, failing to plan represents a 
serious mismanagement of resources. For example, winds and floods are frequently seasonal and 
consequently predictable. When such phenomena cause frequent and significant damage it is 
perhaps unreasonable to carry on with development as if they will never happen again (World 
Bank 1991). “Insanity is repeating the same mistakes and expecting different results” (Narcotics 
Anonymous 1981). 
When countries are ranked by deaths per million of the population, the top seventeen are: 
Bangladesh, Nicaragua, New Guinea, Iran, South Korea, Ecuador, Hong Kong (now China), 
South Vietnam, Morocco, Chile, Reunion Island, Pakistan, Turkey, Japan, Philippines, and 
Taiwan, are all located in areas of high earthquake, volcanic, or tropical cyclone activity and 
therefore predisposed to having disasters occur (Sheehan and Hewitt 1969). However, regardless 
of geologic or geographic situations, most disasters occur in the developing countries. Within 
any country or nation, those who suffer most after disasters are almost always a society’s poor. 
UNDRO (1976) estimated that 95% of deaths from disasters occur within 66% of the Earth’s 
population that lives in countries who are undergoing development as opposed to those who live 
in the developed countries. For example, in Japan the average annual death toll for natural 
disasters is 63; Peru, with a similar incidence of events, the toll is 2,900 (Anderson 1985). 
Poverty also increases the prospect of a crisis turning into a disaster (World Bank 1991). While 




damaged, the loss of GNP from disasters is about 20% greater in developing than in developed 
countries (Funaro-Curtis 1982).  
 Many natural events occur only infrequently, but when they do occur they often produce 
disastrous results. In the USA natural disasters of major proportions have occurred throughout 
the short history of the country. For example: in 1755 earthquakes shattered Massachusetts. 
During the winter of 1811-12 a series of some of the strongest earthquakes in the history of the 
country left parts of Missouri and Arkansas permanently sunken. In 1886 what may have been 
the strongest earthquake in USA history occurred under Charleston SC, destroying most of the 
town and killing many people. In 1871 a forest fire burned throughout northeastern Wisconsin 
causing the deaths of more than 1,200 people. In 1889 the floodwaters caused by a dam burst 
claimed 2,209 lives in Johnstown PA. In 1900 a hurricane’s storm surge rolled over Galveston 
TX resulting in 6,000 deaths and the worst civil disaster in USA history. In 1906 an earthquake 
decimated San Francisco CA and, along the fires caused the deaths of 500 to 700 people and 
more than $374 million in damage. In 1928 the St. Francis Dam in California collapsed, killing 
450 people. Also in 1928, the Okeechobee hurricane caused at least 1,833 deaths in Florida. The 
1963 Palm Sunday tornadoes claimed 271 lives across five states. The 1969 hurricane Camille 
destroyed over $1.4 billion in property and claimed 256 lives. In 1972 a flashflood in South 
Dakota killed 236. The 1965 Alaskan earthquakes killed 131. The 1972 tropical storm/hurricane 
Agnes caused 118 deaths and property losses in excess of $3.1 billion. On a single day in 1974, 
different tornadoes caused the deaths of 318 people across several states. In 1980 Mt. St. Helens 
erupted, causing $1.1 billion in damage and killing 57. In 2005 Hurricane Katrina made landfall 
in southeast Louisiana; killing 1,833 in the USA and caused $108 billion in damage (Atkisson, 




While the total number of major natural disasters has been dropping, the number of 
disasters covering large areas has been increasing (Dworkin 1974). The deaths caused by these 
events have also been rising steadily. Those countries with the highest number of deaths per 
million are located in unstable geologic areas, where earthquakes and volcanoes are common, or 
in zones of atmospheric frontal interaction, where tropical cyclones are frequent. “It is only when 
man seeks to wrest from nature that which he perceives as useful to him at he is strongly 
challenged by the vagaries of natural phenomena acting over and above the usual uncertainties of 
economic activity” (Burton, Kates & White 1964). 
The losses from many disasters do not arise only from unexpected events, they are also 
the likely results of interactions among three major systems: the environment and its hazards, the 
characteristics of the communities that experience the hazard, and the infrastructure of the built 
environment. Increasing natural hazard losses in the USA are partly a result from the increase in 
the nation's capital stock. Coming disasters are an end product of the increasingly complex 
interactions between the three systems within the passing of time (Mileti 1999). 
Wealth enables communities to quickly absorb and recover form losses, but it also means 
that they may be more material goods at risk. On the other hand, the lack of wealth is a primary 
contribution to social vulnerability as fewer individual and community resources for recovery are 
available, thereby making the community less resilient to the hazard impact. The economic 
vitality and revenue generating capability of a country is a good indicator of its ability to divert 
resources to hazard mitigation and recovery should the disaster occur. The indirect costs of a 
mishap may even extend past industry boundaries, affecting companies, industries, and agencies 





Table 3.2: Loss of life by disaster type and region, from 1947 to 1980 (Shah 1983) 






Earthquake 180 354,521 18 18,232 7,750 38,837 30,613 77 
Tsunami 7 4,459 - - - - - 60 
Volcanic 
eruption 
18 2,805 4,000 - 2,000 440 151 34 
Flood 333 170,664 77 3,891 11,199 4,396 2,575 1,633 
Hurricane 119 478,574 290 864 250 - 16,541 1,997 
Tornado 210 4,308 - 548 39 - 26 2,727 
Severe storm 73 22,008 - 5 146 205 310 303 
Fog 3 - - - 3,550 - - - 
Heat wave 25 4,705 100 - 340 135 - 21,890 
Avalanche 12 335 - - 340 4,350 - - 
Snowfall & 
extreme cold 
46 7,690 17 - 2,780 - 200 2,510 
Landslide 33 4,021 - - 300 912 260 - 
Total 1,059 1,054,090 4,502 23,540 28,694 49,275 50,676 11,531 
 
3.7 Natural Hazards 
Natural hazards can be described as those parts of a natural geophysical event that are 
detrimental to the human use system. “We define hazards as threats to humans and what they 
value” (Slovic, Fischhoff and Lichtenstein 1985a). “The physical environment or nature is 
‘neutral stuff,’ but it is human culture which determines which elements are considered to be 
‘resource’ or ‘resistances.’ Considerable cultural variation exists in the conception of natural 
hazards; change occurs both in time and space” (Burton, Kates & White 1964). For example, a 
tornado moving through the remote deserts of New Mexico is not a natural hazard. A tornado 
moving through downtown Dallas TX is. A flood occurring on a floodplain used for agriculture 
may not be a hazard; a flood occurring on a floodplain used for housing or industrial purposes is. 
From 1975 to 1994, natural hazards killed over 24,000 people and injured some 100,000 in the 
USA and its territories. ¼ of the deaths and half the injuries were caused by events that society at 
large would classify as disasters. The rest resulted from less dramatic, but more frequent, events 





Table 3.3: Annual expected losses from nine natural hazards in 1970, 
compared with annual value of other types of losses and events  
(Atkisson, Petak, and Alesch 1982). 
Type of loss or event Value in 1970 
(millions of $) 
All property tax collections by state and local governments 34,054 
All accidents 27,000 
Expected annual natural hazard losses (2000 exposure) 17,779 
All traffic accidents 16,200 
Total economic effects of air pollution health insurance premiums 16,000 
Health insurance premiums 11,546 
Increase in annual expected losses from natural hazards, 1970-2000 9,685 
Pollution control costs (air, water, solid wastes) 9,300 
Auto liability insurance premiums 8,958 
Expected annual natural hazard losses (1970 exposure) 8,094 
Losses from accidents at work 8,000 
Losses from air pollution-related morbidity and mortality 6,000 
Air pollution effects on value of property 5,200 
Air pollution effects on materials and vegetation 4,900 
Expenditure by all state and local police departments 4,494 
All crimes against property 4,264 
Investments in water pollution control facilities 3,100 
Business losses due to six types of criminal activities 3,049 
Building losses due to fires 2,209 
 
 
Figure 3.6: The relative nature of natural hazard in regards to tornados, modified  
(“Tornado” 2014) 
 
There are many ways that natural hazards can be defined. The 1984 ‘Glossary of 
Geology’ by the American Geological Institute defined natural hazards as a “naturally occurring 




life or property”. They have also been described as “…an interaction of people and nature 
governed by the coexistent state of adjustment of the human use system and the state of nature in 
the natural events system” (White 1973). Or as those “elements in the physical environment 
harmful to man and caused by forces extraneous to him” (Burton, Kates & White 1964); “the 
probability of occurrence within a specified period of time and within a given area of a 
potentially damaging phenomenon” (UNDRO 1982). In the book ‘Environmental Hazards: 
Assessing Risk and Reducing Disaster’ the author suggests that natural hazards are a result of a 
conflict between the geophysical processes and people (Smith 1991). The book, ‘Disasters and 
Disaster Stress’ by A.J.W. Taylor focuses mainly on the disruption to society as opposed to any 
one underlying physical process. ‘Disasters and Disaster Stress’ describes natural hazards as 
those that are “catastrophic events that (a) interfere severely with everyday life, disrupt 
communities, and often cause extensive loss of life and property, (b) overtax local resources, and 
(c) create problems that continue far longer than those that arise from the normal vicissitudes of 
life” (Taylor 1989). The classification system used in ‘Disasters and Disaster Stress’ includes: 
natural, industrial and human-induced events. There is a further division with those three 
hazards: earth, air, fire, water and people. The table below displays a simplified version.  
Table 3.4: Possible disaster classification, modified (Taylor 1989) 
 Natural Industrial Human 
Earth Earthquake Dam failure Road accidents 
Air Tornadoes Acid rain Aircraft accidents 
Fire Lightning Electrical fires Arson 
Water Floods/Drought Oil Spills Maritime accidents 
People Plague Construction accidents Warfare 
 
Even within events considered completely natural there is some human component. An 
earthquake occurring in an uninhabited area of Alaska is not a natural hazard, no human lives or 




basin, would be a natural hazard, because quite a few people and their property are at risk. “The 
elements of a natural geophysical event (e.g., wind and storm surge of a hurricane) are hazardous 
only when they prove detrimental to human activity systems” (Baker 1976). The rise of urban 
and industrial societies has overlapped with an increase in quasi-natural hazards (Burton, Kates 
& White 1964). These hazards include pollutants that are carried downstream, radioactive fallout 
transported by air currents, and pesticides absorbed by plants that turn up in food. 
 A way of classifying natural hazards is by grouping them by atmospheric, terrestrial and 
human as seen in Figure 2.3. Atmospheric hazards are those involving movements of the 
atmosphere: hurricanes, tornados, thunderstorms, lighting, etc. Terrestrial hazards are those 
involving the movements of the Earth’s solid or liquid surface: earthquakes, tsunamis, landslides, 
volcanic eruption, etc. Human hazards are those in which people play the instigating roll: war, 
arson, industrial accidents, famine, etc.  
It is only with the intersection of the human sphere that an atmospheric or terrestrial 
event becomes a natural hazard. It is only when an event threatens human life or property that it 





Figure 3.7: Hazard classification based on human interaction with the environment 
The calculation of the extent of a natural hazard is based on events of the past, in an 
effort to forecast the future. The occurrence of previous events is applied to the future under the 
theory that there will be little to no change in the event’s frequency; this assumption is not 
always justified. Changes to the environment and climate may have a major effect on several 
hazards, both at a local and a global level (Berz et al. 2001). 
3.8 Vulnerability 
Vulnerability to environmental hazards means the potential for loss. Since losses vary 
geographically, over time, and among different social groups (Cutter, Boruff and Shirley 2003) 
vulnerability also varies.  
Vulnerability can be described as the threats to which people are exposed (such as 
hazardous materials, the ecological situation of the community and the level of emergency 
preparedness) and the risk context (Gabor and Griffith 1980). It can also be the degree of loss to 




of a given magnitude (UNDRO 1982). Or it is the capacity to suffer harm and react adversely 
(Kates 1985). It can be the threat or interaction between risk and preparedness; the degree to 
which hazards threaten a particular population and the capacity of the community to reduce the 
risk or adverse consequences (Pijawka and Radwan 1985). Vulnerability can be defined as the 
inability to take effective measure to insure against losses, the consequence of the impossibility 
or improbability of effective mitigation (Bogard 1989). Or more simply the potential for loss 
(Mitchell 1989). It is the differential capacity of groups and individuals to deal with hazards, 
based on their positions within physical and social worlds (Dow 1992). Vulnerability is the 
function of the costs and benefits of inhabiting areas at risk from natural disaster (Alexander 
1993). Vulnerability is the likelihood that an individual or group will be exposed to and 
adversely affected by a hazard; the interactions between the hazards of a place with the social 
profile of the communities that reside there (Cutter 1993). Finally, vulnerability can be defined 
as the characteristics of a person or group in terms of their capacity to anticipate, cope with, 
resist and recover from the impact of a natural hazard. It involves a combination of factors that 
determine the degree to which someone’s life and livelihood are put at risk by a discrete and 
identifiable event in nature or in society (Blaikie et al. 1994). “Where disbelief in the possibility 
of an earthquake, a tornado, or a flood is strong, the resultant damages from the event are likely 
to be greater than where awareness of the danger leads to effective precautionary action” 
(Burton, Kates & White 1964). 
 There are three main tenants in vulnerability research: the identification of condition that 
make people or places vulnerable to extreme natural events (Burton, Kates & White 1993) and 
(Anderson 2000); the assumption that vulnerability is a social condition, the measure of societal 




potential exposures and societal resilience with a specific focus on particular places or regions 
(Kasperson, Kasperson & Turner 1995) and (Cutter, Mitchell & Scott 2000). Despite efforts, 
there is no consistent set of metrics used to assess vulnerability of environmental hazards, 
although there have been calls for such an index (Comfort et al. 1999) and (Cutter 2001b).  
 
Figure 3.8: The hazard of place model of vulnerability, modified (Cutter 1996) 
 
3.9 Disaster Preparedness 
 
“A stitch in time saves nine.” –Proverb  
 
‘Disaster prevention,’ is the activities undertaken before crisis to control or mitigate its 
impact, so that damage from a coming disaster is prevented or reduced to a level with which the 
society at risk can cope with. ‘Recovery’ or ‘getting things back to normal’ for the post-disaster 
events involves those activities started post-disaster to restore a society or economy to its pre-
disaster condition. Recovery costs should rarely be planned to only get things back to normal, 




Hopefully, rebuilding involves a way to prevent or mitigate future disasters, i.e. replacing 
earthquake-damaged housing with earthquake-resistant housing (World Bank 1991). 
Mitigation efforts to reduce loss from exposure have so far produced less than stellar 
results. The building of flood control projects seemed to have caused considerable migration into 
flood prone areas, escalating the costs of flood exposures. The provision of governmental 
disaster relief, low cost loans, and subsidized insurance has encouraged, as opposed to 
dissuading, private risky activity. Other contributions to the increase in the population at risk is a 
reluctance to acknowledge the threat of future losses in high hazard areas and an assurance that 
government will somehow protect. There has been a migration into high hazard regions, such as 
the flood prone and tropical cyclone infested coastal areas of the Gulf and the Atlantic coasts, 
seismically active areas, and along the shores of rivers and lakes subject to sporadic flooding. As 
a result the USA now faces the prospect that one or more major catastrophes, each far greater in 
loss of life and property than any which have previously occurred in history, many occur over 
the next century (Atkisson, Petak, & Alesch 1982). 
Table 3.5: Expected annual losses from natural hazard exposures in the USA, modified 
(Atkisson, Petak, & Alesch 1982). 
Hazard Building damage 
(millions of 1970$) 




1970 2000 1970 2000 1970 2000 1970 2000 1970 2000 
Earthquake  781 1554 273 400 20485 22858 736 648 414 635 
Hurricane  1056 3528 62 153 31885 52237 34505 48271 21004 58224 
Landslides  370 871 - - - - - - - - 
Riverine 
flooding 
2758 3175 190 159 - - - - - - 
Severe wind 18 53 5 11 547 748 852 1014 373 851 
Storm surge 641 2343 37 103 24521 43757 7290 10330 370 1018 
Tornado  1656 5219 392 920 36212 52119 86122 107630 57542 146569 
Tsunami  15 40 20 44 234 335 345 389 98 196 
Totals 7295 16783 979 1790 113884 172054 129850 168282 79801 207493 
 
The benefits of preserving life and productive capacity are assumed to be great, but the 




impact of coming disasters, many may really increase vulnerability to them. However, even if it 
was more cost effective to let disasters happen than to prevent them, it is generally agreed that 
widespread human suffering should be stopped when possible. “Prevention not only minimizes 
damage but promotes a stable environment, incentives for investment and enterprise, and the 
sense that people can control their own economic destiny” (World Bank 1991). 
For example, London undertook a disaster prevention project, construction of the Thames 
Barrier, to prevent flooding. The project cost £730 million, the potential loss of property was an 
estimated £3.5 billion. The project was completed despite a very long time period before the 
coming disastrous flood because, although the generations who paid for the prevention were 
unlikely to benefit, the losses in the event of a disastrous flood would be great (World Bank 
1991). 
Some examples of disastrous events that have impacted museums, archives, and libraries; 
e.g. the 1966 Florence flood, the Gulbenkian Museum flood of 1967, the 1972 Klein Law 
Library fire at Temple University (PA, USA), the 1973 National Personnel Records Center (MO, 
USA) fire, the 1986 Los Angeles Central Public Library (CA, USA) fire and the 1988 fire at the 
Library of the Russian Academy of Sciences. These all have two things in common: they 
differed from each other, each with their own circumstances and conditions and none were aided 
by a disaster preparedness plan. To be effective such a plan must be based on a set of 
assumptions, so it is uncertain that a plan would have helped in any of these cases. If there is no 
previous experience how can someone foresee the unthinkable event (Waters 1995a)? 
The best form of disaster response is prevention; no form of recovery can ever 
completely erase the effects of a disaster. To lighten the blow of potential devastation all 




considered a cornerstone of a well-developed preservation program (Devine 2005).  As disasters 
occur within a preexisting environment, this environment (political and social) might prove as 
incomprehensible as the efforts required to stabilize, dry, and repair damaged collections 
(Silverman 2006). Having a disaster plan will act as a guide to these troubled and complex times. 
The efficiency of the recovery can be significantly improved if certain facts are understood prior 
to the disaster. For example, if a collection contains irreplaceable artistic, historic, or cultural 
works, precautions should be implemented beforehand to minimize potential damage. Where 
possible, collections should be housed above the local high waterline; i.e. above the 500 year 
floodplain. It is recommended that institutions with intricate budgetary controls initiate pre-
disaster bidding for recovery services. When services are approved before the disaster strikes, 
recovery time and damage levels are both decreased (Armond 1993). Conservation consultants 
should be identified and contacted prior to the event so the institution can draw upon technical 
expertise quickly after the event (Silverman 2006). Along with the collection a recovery plan 
must include plans for the building, exhibits, and other areas. These should be researched and 
written by the departments in charge of each area. These plans should then be brought together to 
represent the entire disaster response and recovery plan (Spafford-Ricci & Graham 2000). Open 
communication between and within departments is a benefit before, during, and after disasters 
strike (Armond 1993). 
After the fire of 1990 the director of the Royal Saskatchewan Museum, R. Borden, noted 
that the lack of preparation had a direct effect on the success of the collection recovery and 
preservation. 
“The most important thing learned is that we were totally 
unprepared for this emergency. We lacked an effective and well-
conceived emergency/disaster plan, a pre-designed strategy ready 




developing a plan once the fire had happened. There was too much 
happening all at once, too much to think about, too many demands. 
This resulted in greatly added stress and pressure, similar to 
traveling over unfamiliar territory without road signs or a map. 
We found out that it could be done but having a map with clear 
directions would have made it a lot easier”  
-R. Borden, “Royal Saskatchewan Museum: 
February 16, 1990, fire” 
 
Only 20% of all USA collecting institutions have a written disaster plan (HPIMLS 2005). 
Where disaster plans exist they are often created by people with little or no firsthand experience 
in the recovery of collections. These are likely to cause further problems upon implementation. 
Effective planning continues to be avoided, understandably, “planning for a disaster is essentially 
mapping a trip to hell, and who in good conscience wants to contemplate that adventure?” 
(Silverman 2006). 
The response to a disaster is mostly handling people: too many, too few, working at cross 
purposes, not working at all, walking off with stuff, losing stuff, etc. Human faults and vices can 
postpone or disrupt recovery activities, cause lasting damage to rare cultural property, and make 
a bad situation even worse. The promptness and efficiency of the response following a disaster 
are the most vital variables affecting the condition of an institution’s surviving collections. For 
those who respond to the disasters, their skill for acting decisively in the stressful conditions will 
decide the success or failure of a response. However, the unexpected is a large part of every 
disaster. Disasters cause fickle human responses; these responses are somewhat difficult to 
expect when creating the plan in pre-disaster conditions. Some will rise to the occasion, others 
will not, and the suspension of normalcy can create a surreal experience (Silverman 2006).  
Recovery work can be supported or hindered by people within the very institution they 




Saskatchewan museum in Regina, Canada in 1990, it was recognized that handling soot-coated 
materials before they were cleaned caused the soot to become embedded within the object’s 
surface. However there was a push by administrators reopen the building to patrons. To facilitate 
building restoration the damaged collection was hastily moved offsite, resulting in some objects 
becoming difficult or impossible to clean and parts of the collection were ruined (Spafford-Ricci 
and Graham 2000). 
If an organization’s response to a disaster is not quick or effective, the organization’s 
stability can be endangered long after the disaster. For example, one year after the 1994 
earthquake at California State University, Northridge (CSUN) students began transferring to 
other universities to regain access to amenities such as classrooms, laboratories, and a library. 
This exodus left CSUN increasingly underfunded, slowing the rate of repairs, and kicking off an 
economic downward spiral that eventually threatened to bankrupt the university (CSU 1995). 
Another example is the career of E. Cassamasima, Director of the Biblioteca Nazionale in 
Florence, and an active Communist. His superiors in Rome were opposed to him because of his 
political stance, such that when Cassamasima asked for emergency help during the 1966 flood 
they failed to respond. Instead of waiting and risking the complete loss of the collection, he 
diverted the acquisitions budget to pay for the transport and drying of the library’s damaged 
books (Silverman 2006). This was insubordination, threatening the Director’s ongoing 
employment. Immediate international involvement sustained him while continuing the work of 
restoration, retribution was averted because of the disaster’s presences on the world stage. 
Cassamasima’s insubordinate actions prevented the total loss of nearly 1.5 million books, at least 





3.10 Summary  
The Earth, is a risky place to exist. No place on it is completely risk-free, what with the 
hazards such as earthquakes, volcanoes, high winds and other phenomena. Some places on Earth 
may be less risky, or sustain different types of risk. The goal of this paper is to propose an index 
that can compare and correlate risk across varied disaster types and at different locations. 
“Human history is a brief spot in space, and its first lesson 
is modesty. At any moment a comet may come too close to the 
earth and set our little globe turning topsy-turvy in a hectic course, 
or choke its men and fleas with fumes or heat; or a fragment of the 
smiling sun may slip off tangentially- as some think our planet did 
a few astronomic moments ago—and fall upon us in a wild 
embrace ending all grief and pain. We accept these possibilities in 
our stride, and retort to the cosmos in the words of Pascal: ‘When 
the universe has crushed him man will still be nobler than that 
which kills him, because he knows that he is dying, and of its 
victory the universe knows nothing.’ 
History is subject to geology. Every day the sea encroaches 
somewhere upon the land, or the land upon the sea; cities 
disappear under the water, and sunken cathedrals ring their 
melancholy bells. Mountains rise and fall in the rhythm of 
emergence and erosion; rivers swell and flood, or dry up, or 
change their course; valleys become deserts, and isthmuses 
becomes straits. To the geologic eye all the surface of the earth is a 
fluid form, and man moves upon it as insecurely as Peter walking 
on the waves to Christ. 
Climate no longer controls us as severely as Montesquieu 
and Buckle supposed, but it limits us. Man’s ingenuity often 
overcomes geological handicaps: he can irrigate deserts and air-
condition the Sahara; he can level or surmount mountains and 
terrace the hills with vines; he can build a floating city to cross the 
ocean, or gigantic birds to navigate the sky. But a tornado can ruin 
in an hour the city that took a century to build; an iceberg can 
overturn or bisect the floating place and send a thousand 
merrymakers gurgling to the Great Certainty. Let rain become too 
rare, and civilization disappears under sand, as in Central Asia; 
let it fall too furiously, and civilization will be choked with jungle, 
as in Central America.” 




Chapter Four: The 1966 Arno Flood 
The city of Florence is the capital of the Firenze province and the Tuscany Region of 
central Italy. Florence was founded as a Roman military colony in the first century BCE (Before 
the Common Era). During the 14th to 16th centuries Florence reached its zenith in commerce, 
finance, learning and the arts. The historic center of Florence was added to the United Nations 
Educational, Scientific and Cultural Organization (UNESCO) World Heritage List in 1982. 
Florence has been home to such personas as Leonardo da Vinci, Michelangelo Buonarroti, Dante 
Alighieri, Niccolò Machiavelli, Galileo Galilei, and the Medici family (Action and Chancy 
1886).  
“Of all the cities of Italy, Florence is the jewel -bella 
Firenze- the most beautiful, the most precious, the most intimate. 
Rome may be open and golden and rich with ruins from the days of 
the Caesars as well as with a superabundance of baroque; Venice 
may have her own floating fairy-tale loveliness and her oriental 
treasures; but Florence holds all the flavor, the finest works of art, 
all the prime flowering of late Middle Ages and of the 
Renaissance.”  
-K.K. Taylor, Diary of Florence in flood. 
 
4.1 Geography and Geology 
The city of Florence is located on the Italian peninsula, which extends from the region 
around the Po River southward for about 960 km. The peninsula is bordered by the Adriatic Sea 
to the east, the Ionian Sea to the south, and to the west the Tyrrhenian and Ligurian seas. A 
volcanic mountain chain called the Apennines runs north to south along the length of the 
peninsula. The peninsula resides on the tectonic plate boundary between the Eurasian and the 
African Plates.  Here a small tongue of the African plate is being forced underneath the Eurasian 
plate to the northeast and the southwest, causing the gradual closing of the Adriatic Sea and the 
tectonic activity of the area; i.e. the volcanoes and earthquakes.  
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Due to this tectonic activity the terrain of Italy is still being modified by uplift. The 
Apennine mountain range that runs the length of the peninsula is still rising. The range is 
growing at a rate of just over a meter every thousand years (Batini 1967). During the last phases 
of the evolution of the Northern Apennines, they were subject to an extensional tectonic phase, 
starting during the upper Tortonian (late Miocene, 11.608 to 7.246 million years ago) in the 
western part of the basin. This extension gradually moved towards the northeast (Boccaetti et al. 
1990). This phase produced a horst and graben system, aligned in a northwest-southeast 
direction, and a sequence of Neogene marine and fluvial (river)-lacustrine (lake) sedimentary 
cycles (Caporali, Rinaldi & Casagli 2005). 
The growth rate of the mountains is counteracted by the effects of erosion. As the slopes 
of the mountains increase, the streams run faster and this allows them to transport a greater 
quantity of sediment. A total of 77,700 km2 of terrain, mostly in the Apennine region, is subject 
to widespread soil erosion.  
The Arno River, on which Florence is located, is almost entirely situated within the 
Tuscany region. The Arno is 241 km long, with a catchment of about 8830 km2 and a mean 
elevation of 353 meters above sea level. The catchment area is located within the mountain belt 
of the Northern Apennines (Caporali, Rinaldi & Casagli 2005). The Arno River annually 
transports 145,600 tons of soil (Batini 1967). Two tributaries of the Arno, the Mugnone and the 
Affrico meet just outside the city. Florence is located in a small basin encircled by hills and is 








The Tuscany region in which Florence resides falls into the temperate climatic zone and 
usually experiences a dry summer. The general annual rainfall pattern of the Arno basin in which 
most of the Tuscany region resides typically has a summer minimum in July, and two maxima, 
one in November and the other at the end of winter. Mean values of yearly rainfall vary in 
relation to relief, ranging from 800 mm in the Chiana valley to about 1,800 mm on the Apennine 
ridge (Caporali, Rinaldi & Casagli 2005). 
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The hills surrounding Florence sustain olives trees and grapevines along with the 
occasional patches of scrub including: lavender, myrtle, rosemary, and thyme. While these plants 
are pretty in flower and aromatic, they are inadequate in delaying runoff. The soils are leached-
out clays, with pockets of stone and sand; comprising a sunbaked, depleted and badly worn 
cement-like hardpan. The ancestral forests that had served, as the Romans were aware, to temper 
the heat of summer and delay runoff had been felled to provide building material, fuel, and 
grazing land (Kline 1969). 
4.3 History 
The current city of Florence stands on land that has been occupied for more than three 
thousand years, when the ancestral Tuscan valleys and hills were fertile and wooded, the climate 
milder than that today.  
The recent pedologic history of the Italian peninsula may have been similar to the nearby 
Greek peninsula. Grazing and farming were the principal activities on the slopes many small 
Grecian valleys from 4000 to 3000 BCE and this resulted in one or more episodes of catastrophic 
soil erosion, which created alluvial fans and a deep mantel of sediment in the valley bottoms and 
on the Argive plain in Greece. This has resulted in thin scatters of artifacts found in areas now 
uninhabited and in some cases uninhabitable because they are devoid of soil and vegetation 
(Runnels 1995). 
“…the lower land came to be inhabited later than that 
which lay higher. For the parts that lie nearer to the place where 
the river is depositing the silt are necessarily marshy for a longer 
time since the water always lies most in the newly formed land. But 
in time this land changes its character, and in its turn enjoys a 
period of prosperity. For these places dry up and come to be in 
good condition while the places that were formerly well-tempered 
someday grow excessively dry and deteriorate. This happened to 
the land of Argos and Mycenae in Greece. In the time of the Trojan 
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wars the Argive land was marshy and could only support a small 
population, whereas the land of Mycenae was in good condition 
(and for this reason Mycenae was the superior). But now the 
opposite is the case, for the reason we have mentioned: the land of 
Mycenae has become completely dry and barren, while the Argive 
land that was formerly barren owing to the water has now become 
fruitful. Now the same process that has taken place in this small 
district must be supposed to be going on over whole countries and 
on a large scale.”  
–Aristotle (384-322 BCE), Meteorologica, 
Book 1, Chapter 14 
 
During the fourth century the Lombards made Florence into a military center. The Franks 
replaced the Lombards in 774 CE, while the entire region assumed an increased role as a trade 
center (Klein 1969). 
As the region exerted greater influence and the population grew, there was a greater 
demand for resources, among these wood to be used for construction and for fuel. The wooded 
hills were rapidly stripped, so that by the end of the seventh century wood had become scarce 
and expensive, and stone became the primary construction material. As the city began to assume 
its present shape effective bathtubs were created: paved plazas and squares with a single inlet 
and one or a few outlets. Water rushing into one of these squares could not easily pour out the 
other side. Most of the listed high water marks of the 1966 and earlier floods occurred in these 
plazas (Kline 1969). 
While the hillsides were being deforested to build the city, the increased use of wool 
cloth to clothe all levels of society in Florence resulted in a great increase in woolen mill activity. 
Sheep and goats grazed in the freshly uncovered hills surrounding the city. Overgrazing by these 
flocks became so severe that by the eighth century the Florentine mills could no longer depend 
on local wool, the mills had to look as far afield as Spain and Britany to keep up with the 
demand. It is possible that the stripped Spanish hills are partially the result of overgrazing by 
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sheep to supply wool to Florence. Bound to squeeze the last drop of profit from the countryside, 
the church and the landowners made no attempt to replenish their lands. Tuscany, a land once 
noted for good water, forests, and fine agricultural bottomland inexorably declined into the 
country seen today (Kline 1969). 
 The Greek philosopher Plato (423-247~ BCE) noted the relationship between the 
destruction of the Greek forests and the rapid runoff of rain from the now bare hills. In ‘Critias’, 
one of Plato’s late dialogues, the philosopher discusses the removal of the soil and the exposure 
of the rock beneath.  
“How shall I establish my words? And what part of it can 
be truly called a remnant of the land that then was? The whole 
country is only a long promontory extending far into the sea away 
from the rest of the continent, while the surrounding basin of the 
sea is everywhere deep in the neighborhood of the shore. Many 
great deluges have taken place during the nine thousand years, for 
that is the number of years which have elapsed since the time of 
which I am speaking; and during all this time and through so many 
changes, there has never been any considerable accumulation of 
the soil coming down from the mountains, as in other places, but 
the earth has fallen away all round and sunk out of sight. The 
consequence is, that in comparison of what then was, there are 
remaining only the bones of the wasted body, as they may be 
called, as in the case of small islands, all the richer and softer 
parts of the soil having fallen away, and the mere skeleton of the 
land being left. But in the primitive state of the country, its 
mountains were high hills covered with soil, and the plains, as they 
are termed by us, of Phelleus were full of rich earth, and there was 
abundance of wood in the mountains. Of this last the traces still 
remain, for although some of the mountains now only afford 
sustenance to bees, not so very long ago there were still to be seen 
roofs of timber cut from trees growing there, which were of a size 
sufficient to cover the largest houses; and there were many other 
high trees, cultivated by man and bearing abundance of food for 
cattle. Moreover, the land reaped the benefit of the annual rainfall, 
not as now losing the water which flows off the bare earth into the 
sea, but, having an abundant supply in all places, and receiving it 
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into herself and treasuring it up in the close clay soil, it let off into 
the hollows the streams which it absorbed from the heights, 
providing everywhere abundant fountains and rivers, of which 
there may still be observed sacred memorials in places where 
fountains once existed; and this proves the truth of what I am 
saying.”  
-Plato (423-247~ BCE), Critias  
 
Pliny the Elder (23-79 CE), a Roman author, naturalist and natural philosopher who died 
during the 79 CE eruption of Mount Vesuvius, may have quoted Plato when he chided the 
Romans to maintain and replenish their forests. In Pliny the Elder’s ‘Naturalis Historia’ he 
discusses the importance of trees. In the chapter on the early history of trees he names several of 
these.  
“The trees formed the first temples of the gods, and even at 
the present day, the country people, preserving in all their 
simplicity their ancient rites, consecrate the finest among their 
trees to some divinity; indeed, we feel ourselves inspired to 
adoration, not less by the sacred groves and their very stillness, 
than by the statues of the gods, resplendent as they are with gold 
and ivory. Each kind of tree remains immutably consecrated to its 
own peculiar divinity (…) and we look upon those deities as 
especially appointed to preside over them by the will of heaven. 
(…) and it is from these that we now derive the oil of the olive that 
renders the limbs so supple, the draught of wine that so efficiently 
recruits the strength, and the numerous delicacies which spring up 
spontaneously at the various seasons of the year, and load our 
tables with their viands- tables to replenish which, we engage in 
combat with wild beasts, and seek for the fishes which have 
fattened upon the dead corpse of the shipwrecked mariner.” 
-Pliny the Elder (23-79 CE), Naturalis 
Historia  
 
Giustino Fortunato, an Italian historian and politician, wrote: “a nation that does not 
believe in God does not plant trees” and “let us return to the old days… let us renew our old 
traditions of stock-raising, reestablish our pasturelands, our woods and coppices- those dense 
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forests which, two centuries ago, extended form one side of Lucania to the other, and which we 
have thoughtlessly stripped form the unstable slopes of our mountains” (Nencini 1966). 
Despite a handful of historically revered thinkers’ thoughts on the usefulness of trees, 
most were removed. It is a curious note that when the Romans extended their road system though 
the Tuscan region they remarked on floods on the Via Julia Augusta crossing of the Arno during 
the spring, but of winter floods there is no record. The Romans were likely made aware of spring 
floods caused by melting snow; they created levies on the banks of the Arno (Kline 1969).  
Leonardo da Vinci (1452-1549), an Italian painter, sculptor, architect and engineer 
among other things, noticed that the streams of Tuscany were muddier where they passed 
through inhabited regions. He suggested that this mud was washed out from the hills. “They do 
not know why the Arno will never remain in a channel. It is because the rivers which flow into it 
deposit earth where they enter, and wear it away on the opposite side, bending the river in that 
direction” (Vinci 1888). He also created maps of the Arno in which it shows a braided 
morphology with a large channel bed upstream and downstream of Florence. Over time the 
meanders were shortened to improve navigation. He conducted surveys and designed projects to 
develop water impoundments in the hills, to dredge the tributaries of the Arno and the Sieve and 





Figure 4.2: Sketch of the Arno River by Leonardo da Vinci (Caporali, Rinaldi & Casagli 2005). 
 
Michelangelo Buonarroti (1475-1564) was another Italian sculptor, painter and engineer. 
In a letter written from Rome in December of 1546, Michelangelo advised his nephew, Lionardo 
di Buonarroto Simoni, against buying a house in the Santa Croce district of Florence, writing 
“the cellars flood every winter” (Buonarroti 1963). 
Gianbattista Vico del Cilento, an Italian political philosopher and historian, 
recommended a government-sponsored reforestation plan, two hundred years later it was 
dismissed by Guistiono Fortunato, an Italian historian and politician, who stated that the bastions 
of the sylvan landscape were ugly and useless (Kline 1969). 
In 1762 Morozzi (1723-1777), a hydraulic engineer and cartographer, wrote a book on 
the state of Arno River. In it he related the increase in flood events between the 16th and 17th 
centuries with the marked reduction of woodland in Tuscany (Caporali, Rinaldi & Casagli 2005). 
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Table 4.1: Summary of climatic changes, human impact, morphological changes and floods during the last millennia for the 
Arno River system (Caporali, Rinaldi & Casagli 2005). 
Period Climate Land-use changes In-channel interventions Morphological trend of river 
channel and coastline 
Exceptional 
floods 






















(800 – 1150 CE) 
Crisis of 
agriculture 




(1150 – 1350 CE) 
Mild  
(1350 – 1550 CE) 






Delta accretion 1333 
1500-1700 
CE 
Little Ice Age 






















Considerable delta accretion 
(peak in XVIII century) and 
aggrading channel bed; 
inversion of coastline trend 




1900 – 2000 
CE 
Warm  
(1850 – 1950 CE) 
Reforestation 
and construction 
of weirs in 
upland areas 
Sediment mining 
(intense from 1950’s 
to 1980’s) 
 Dams (1957) 




4.4 Flood History 
After the destruction of the natural irrigation of the Arno’s basin, by clearing the forests 
and other sundry activities, the city of Florence has experienced many floods. As the Arno’s 
level rises, the great volume of water blocked by the narrow arches of the Ponte Vecchio and 
other bridges, create bottlenecks and flood the city (Waters 1995). 
The first complete record of a major flood in the city of Florence was provided by 
Giovanni Villani (1276-1348), an Italian banker and chronicler, for the flood of November 1333. 
During this flood there was an average of 1.2 m of water throughout the city, the city walls 
collapsed, and three of the four bridges over the Arno were destroyed. Three hundred people 
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died in the districts of San Piero Scheraggio and Porta San Piero. On the Via de Neri the flood 
crest was 4.2 m, only 36 cm lower than those of the coming flood of 1966 (Kline 1969).  
Quoting Villani on the flood of 1333:  
 “Wherefore everyone was filled with great fear and all the 
church bells throughout the City were rung continuously as an 
invocation to heaven that the water rise no farther. And in the 
houses, they beat the kettles and brass basins rising loud cries to 
God of ‘misericordia, misericordia,’ the while those in peril fled 
from roof to roof and house to house on improvised bridges. And 
so great was the human din and tumult that it almost drowned out 
the crash of the thunder.”  
-G. Villani, Nuova Cronica, Book 11, 
Chapter 1 
 
Of a previous flood that had occurred in 1269 Villani had the following to say. 
“In the said year 1269, on the night of the first of October, 
there was so great a flood of rain and waters from heaven, raining 
down continually for two nights and one day, that all the rivers of 
Italy increased more than had ever been known before; and the 
river of Arno overflowed its borders so beyond measure that a 
great part of the city of Florence became a lake, and this was by 
reason of much wood which the rivers brought down, which was 
caught and lay across at the foot of the Santa Trinitá Bridge in 
such wise, that the water of the river was so stopped up that it 
spread through the city, whence many persons were drowned and 
many houses ruined. At last so great was the force of the river that 
it tore down the said bridge of Santa Trinitá, and again by the 
disgorging thereof the rush of the water and of the timber struck 
and destroyed the Carraia Bridge; and when they were destroyed 
and cast down the height of the river, which had been kept up by 
the said retention and damming of the river, went down, and the 
fullness of the water ceased which had spread through the city.”  
-G. Villani, Croniche Fiorentine, Book 7, 
Chapter 34 
 
In the work by Morozzi (1762), the floods that occurred between 1173 and 1761 CE are 
divided into three magnitude levels on the basis of damage caused. The Floods were classified as 
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medium, large, and exceptional. Eight floods on the Arno can be defined as exceptional 
(including the 1844 and 1966 ones). The Arno River has inundated the center of Florence on 48 
other occasions. Half of these floods have been described as large events, while the remainder 
caused only minor damage (Caporali, Rinaldi & Casagli 2005). During the 1177 to 1761 CE time 
period, there were floods of average destructive every 24 years, a major flood every 26 years and 
a very severe flood every hundred years (Morozzi 1762). The Arno has flooded 54 times during 
the 13th and 18th centuries (Batini 1967). Of the floods that could qualify as massive, those of 
Novembers 1333, 1844, and 1966 are noticeable; these three floods also all occurred on the third 
and fourth of the given Novembers (Nencini 1966).  
 
Figure 4.3: Plates in Piazza Santa Croce showing the historic water levels reached in the floods 





Table 4.2: Arno’s floods, taken from G. Aiazzi’s 
“Narrazioni” (Nencini 1966) 








January 8 5 3 - 
February 2 - 2 - 
March - - - - 
April 2 1 1 - 
May 2 1 1 - 
June 2 2 - - 
July  1 1 - - 
August 1 - - 1 
September 2 1 - 1 
October 9 2 6 1 
November 12 6 5 1 
December 9 2 5 2 
Months not 
known 
4 4 - - 
Total 54 25 23 6 
 
 
Figure 4.4: Detail of a stone commemorating 
various historic flood levels (Nencini 1966). 
 
 
Figure 4.5: Floods of the Arno River which caused damage in Florence between the 12th and 
20th Centuries, ranked by intensity (Caporali, Rinaldi & Casagli 2005). 
 
The most recent flood disaster prior to the 1966 flood occurred on November 4, 1844. 
And throughout the old city there are scattered old stone plates which commemorate the levels 
reached by previous historic floods of 1333, 1547, 1557 and 1740. But these plates seem to 
recount fables of the olden days and to honor events of the past which would not be repeated in 
this modern age, an age where mankind has tamed forces greater than the running of trivial 
rivers, but was also on the cusp of setting out to conquer space (Batini 1967). 
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Table 4.3: Historical Floods in Florence from 1177 to the present  
(Caporali, Rinaldi & Casagli 2005). 
Medium Large Exceptional 
1261, 1303, 1305, 1362, 
1368, 1378, 1406, 1434, 
1490, 1491, 1520, 1538, 
1550, 1621, 1641, 1651, 
1660, 1674, 1683, 1695, 
1698, 1715, 1745, 1761 
1177, 1269, 1282, 1284, 
1288, 1334, 1345, 1380, 
1456, 1465, 1515, 1532, 
1543, 1544, 1646, 1676, 
1677, 1680, 1687, 1688, 
1705, 1709, 1714, 1719 
1333, 1547, 1557, 1589, 
1740, 1758, 1844, 1966 
 
 
Figure 4.6: Lithograph of an 1844 flood on the River Arno. Note that the channel water surface 
is 10-15 m above base flow. The Ponte Vecchio is in the background  





Figure 4.7: Woodcut of via degli Archibusieri in Florence, a view of the painful condition of the 
flood on the evening of November 6, 1864. The Flood of 1864 exceeded that of 1844 by 31 cm. 
Caption “Praise all'egregio Prefect Cantelli, the National Guard, to our glorious army, the 
firefighters the Public Security Guards that because the evidence showed that self-denial and 
sacrifice are lil and will always be the uniform of the Italian in the supreme moments of danger”  
(De Carlo 2014). 
 
4.5 The 1966 Storm  
On November 4th, 1966, Florence was inundated by the Arno River. It would be the worst 
flood to impact the city in over four hundred years. A combination of geographic, cultural, and 
economic factors increased the magnitude of the flood within Florence and the surrounding 
countryside. Florence’s location at the outlet of a major flood causeway, the propensity to store 
rare and valuable materials in basements, as well as the high cost of removing five meters of 
standing mud and water from storage facilities, all contributed to the severe damage of eighty 
thousand pre-1840 and three hundred fifty thousand post-1840 historic manuscripts, documents, 




Figure 4.8: Map of the damages produced by the storm of 1966, modified (Zolt et al. 2006). 
 
Before the rains of November, the situation was already particularly critical because of 
the intense and persistent precipitation of the previous months, the previous month of October 
had been wet throughout Northern Italy and November continued with this pattern. Catchments 
such as the Arno (about 5000 km2) were already saturated by melting snow when the rains began 
to fall on the third (Alexander 1980). Persistent rainfall over broad areas greatly reduced the soil 
storage capacity and aquifer receptiveness (Caporali, Rinaldi & Casagli 2005). Abundant 
snowfall on the Alps and a sudden temperature increase caused this snow pack to partially melt, 
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further increasing the load of water in streams and the soil (Zolt et al. 2006). A collision between 
currents of air, caused the formation of dense storm clouds and a large quantity of rain. A 
massive hot, humid front moved up from Africa where it was met by a cold, dry front descending 
from Northern Europe, and was further reinforced by a cyclone depression which advanced from 
the Atlantic (Batini 1967). The cold front converged on the warm, the warm front was also 
forced aloft by the mountain chains surrounding the Adriatic Basin, causing exceptional 
orographic precipitation over Tuscany and the north-eastern Alps, which resulted in cloud 
formations rising as high as 1,981 m and condensation on a large scale. Many observation 
stations recorded that more than 400 mm of precipitation fell in two days, with 751.4 mm as the 
highest value reached (Dorigo 1969). During the night of November 3rd, as much as 22% of the 
vapor in these clouds fell on Tuscany (Batini 1967). The funneling caused by the mountain 
chains further increased the wind speed and lead the highest ever recorded storm surge along the 
Venetian coast (Zolt et al. 2006). 
On the fourth and fifth of November 1966, 20 to 25 cm of precipitation fell on the 
Ligurian side of the Appenines in Tuscany and Emilia-Romagna regions, a little more than a half 
of this fell on the fourth. Between 15% and 22% of the mean total annual precipitation fell on the 
Arno basin in 48 hours, between 10% and 15% fell during the first half of this period. Heavier 
precipitation occurred in the basins of southern Tuscany, such as the Ombrone basin, where up to 
44% of total annual precipitation fell in the same 48 hour period. The regions of Lombardy, 
Veneto, and Venezia-Giulia were also badly affected; for example, up to 35% (15 cm) fell on the 
Piave, Livenza, and Tagliamento catchments during this time period (Alexander 1980). The sea 
level in the Adriatic Sea was raised about 170 cm above the mean and persisted for more than 15 
hours at a level above 100 cm (Canestrelli et al. 2001). At that time this level corresponded to the 
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critical value above which more than two thirds of Venice was flooded (Frassetto 1976). The 
November 1966 surge level for Venice was exceptional and the return interval for another 
similar event is likely greater than 250 years (Lionello 2005). 
This extreme meteorological event was the cause of great damage throughout northern 
and central Italy. The situation was unusual for its intensity, duration, and spatial extent. Two 
different kinds of phenomena, within the same meteorological situation, contributed to the rarity 
of the event. The intense and persistent precipitation caused hydrological and geological damage 
in both central and northeastern Italy. The persistent precipitation of the previous months, more 
than 150% higher than average (Gazzolo 1969), played an important role in shaping the floods, 
causing the storage capacity of the rivers and the saturated soil to have decreased before before 
the storm occurred. And the great wind speed and consequent combination of high waves and 
storm surge level hit the northern coast of the Adriatic Sea (Zolt et al. 2006). 
Extensive damages were caused by almost all the rivers crossing the Padan Plain, in most 
cases the rivers’ discharges overtook the maximum of the previous observation periods, 
producing widespread floods. The Ombrone River flooded an area of more than 300 km2. Many 
of the montane basins north of the Po River and the Ombrone’s basin suffered severe erosion as 
they had large areas of exposed sedimentary deposits (Alexander 1980). The maximum value of 
437.2 mm for precipitation accumulated in two days was observed in the Arno’s basin (Bendini 
1969). Exceptional levels of discharge were reached by all of the Arno’s tributaries. About 70 
km upstream of Florence, the Arno’s estimated discharge was higher than 2,250 m3 s−1, 
corresponding to more than 250% of the maximum estimated value in the preceding 30 years 
(Bendini 1969). Coastal areas of the northern Adriatic were vulnerable to the strength of the sea 




Figure 4.9: Map of northern Italy, modified (Alexander 1980) 
 
The damage caused by the event was severe over northern and central Italy, where it 
claimed 118 victims (APAT 2004). The impact of the storm was extensive in four main areas: 
central Italy including Tuscany, the eastern sector of the Alps, the north-eastern Italian Plain (the 
Pianura Veneto-friulana), and the northern Adriatic coast containing Venice and its lagoon. In 
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the first three the damage was caused by the heavy precipitation, in the fourth by the high waves 
and storm surge (Zolt et al. 2006). The flooding was complemented by massive alluviation 
throughout the flooded areas (Alexander 1980). 
4.7 The 1966 Flood of the Arno in Florence 
“There stretches through the midst of Tuscany… a brooklet, whose 
well-head springs up in Falterona, with his race not satisfied, 
when he some hundred miles hath measur'd.” 




Figures 4.10 and 4.11: Left, the historic Ponte Vecchio after the flood, trees and the remains of 
another bridge upriver damaged the artisan shops on the bridge. Right, the damaged Via 
Cimabue, a street of artisans near Piazza Beccaria, the dark stain on the walls marks the height 
of the floodwaters (National Geographic 1967). 
 
November 4th is the Italian Armed Forces Day, a national holiday which commemorates 
the Italian victory over Austria at the end of the First World War; shops are closed and there is a 
day off from work. This holiday causes a small exodus from the city to the surrounding 
countryside. Sometime during the night of November 3rd / 4th 1966 the river began to rise. By 
2:30 a.m. Figline Valdarno, a municipality located about 25 km southeast of Florence, and the 
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road linking it with Incisa, a municipality located about 20 km southeast of Florence, was under 
two meters of water.  
There were fears that the Levane and La Penna dams in the Valdarno valley would fail; 
the decision was made to release a combined 2,000 m3s-1 of water from these dams. At the 
Levane dam, 56 km upstream from Florence, 4,000,000 m3 of water was released when the 
floodgates were opened at 9:00 p.m. Although the resulting surge devastated parts of the village 
of Montevrchi, 8 km downstream, it had comparatively little effect on the combined floodwaters 
of the Arno and Sieve Rivers at Florence (Alexander 1980). 
About the same time as the dams were releasing their overflow, a hydrometer up river 
from Florence was registering 6.90 m, just 45 cm less than the last maximum reached by the 
floods of previous years. It was probably about four o’clock in the morning when the floodwaters 
reached the outskirts of the city. Even before the floodwaters reached the city, low lying parts 
had already began to flood. The ancestral city drains, built during the time of Dante, were unable 
to cope with the mass of incoming water; jets of water a meter high were gushing from some 
manhole covers (Batini 1967). Maximum stages of 1.0 and 10.33 m were reported at Nave di 
Rosano on the river 16 km upstream from Florence, but further downstream at San Giovanni alla 
Vena the maximum stage of 8.94 m recorded at this time had in fact been equaled by a flood in 
1929. The water level rose to a maximum of 1.8 m in the Basilica di Santa Maria del Fiore, 2.4 m 
in the Baptistry of Saint John, 3.65 m inside the Museo Nazionale del Bargello, 2.75 m in the 
Basilica di Santa Croce, 3.35 m in the Sant'Ambrogio, 4.26 m in the Church of Santi Apostoli, 
and 3.96 m in the Church of St. Nicholas Oltr'Arno. The floodwaters came over the Ponte 
Vecchio, but the bridge survived to be refurbished. On average the flood of 1966 reached a stage 
of about 0.5 m higher than two other historic floods, those of 1333 and 1557, of which records 
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have been preserved (Alexander 1980). The city’s electric clocks stopped at 7:26 a.m.; by nine at 
least 20,000 people were in the grip of the disaster. 
“The river Arno in Florence has burst its banks; the city is 
in danger of being inundated by the flood wave… At 5:30 this 
morning the waters in spate, rising above the parapets flanking the 
river, have flooded Vio dei Bardi, Borgo San Jacopo, Volta dei 
Tintori, Corse dei Tintori, Lungarno delle Grazie and Lungarno 
Acciaiuoli. Numerous families are abandoning their homes. Events 
during the course of the day are expected to become dramatic, 
perhaps to an extent never recorded in the history of the city… The 
time is 6:10 a.m. the situation is becoming more and more 
dramatic. The parapet on Lugarno Acciaiuoli in front of the 
Berchielli Hotel has been breached by the flood and the water has 
inundated the street flanking the river. The level of the Arno 
continues to rise…”  
–La Nazione, on the morning of November 
4, 1966 (Batini 1967) 
 
There were cases of people being caught completely by surprise by the quickly rising waters. 
Some pedestrians hastily sought refuge on statues and monuments, some clung desperately to 
traffic signs. Stranded men, women and children were rescued by firemen in rubber boats or 
soldiers in amphibious vehicles from the ground floors of flooded houses. At the Church of the 
Badia and the place of the Bargello, the inhabitants of the quarter called for the ringing of the 
great bell, in the hope of summoning help. So the caretaker of the Bargello tolled the great bell, 
which, in keeping with tradition is only rung to mark the end of a century, to warn the population 
that war had been declared on the city. Residents in the quarters not yet flooded, thought the bell 
tolled because the Ponte Vechio had been swept away. Since November 4, 1333, when the 
Vechio’s two sister bridges were destroyed by the Arno, the bridge has been the cause of anxiety 
to Florentines. Especially during the spring and autumn rains, and the consequent flooding. The 
goldsmiths, whose shops line the bridge, were alerted the night of the flood in order to save some 
of their wares, a precaution that had occurred in the past (Batini 1967). 
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“Dawn comes at six with a faint gleam of gray though the 
slats of the shutters (all Italian houses are sealed tight during the 
night), but a flick of the switch of the bedside lamp brings no 
responsive glow of light. A cigarette lighter show the hour. I 
stumble out of bed and grope my way to the wall switch, which 
proves dead too, and then feel my way through the gloom to the 
windows and push the shutters back into their recesses. My first 
impression is that it is darkly overcast and still raining hard; then I 
stand gaping at the river. 
The Arno? That peaceful green stream winds slowly 
between high embankments, the one on this side of concrete topped 
by a stout four-foot brick and concrete wall, and below the walls 
the river is bordered by grassy tree-covered flatlands, where 
fisherman line the banks on holiday mornings, the men in waders 
venturing out nearly to midstream with their lines. The Arno had 
risen and spread during the October rains and become a true 
river, broad and smooth, perhaps three feet higher than ordinary. 
But this river? 
A tumultuous mass of water stretches from bank to bank, 
perhaps four feet below the tops of the twenty-five-food walls, a 
snarling brown torrent of terrific velocity, spiraling in whirlpools 
and countercurrents that send waves running backward; and its 
color is a rich brown, a boiling café-latte brown streaked with 
crests the color of dirty cream. This tremendous water carries mats 
of debris; straw, twigs, leafy branches, rags, a litter that the river 
sucks down and spews up again in a swelling turbulence. Its 
thunderous rush holds me tense at the window, as any movement of 
great force can lay a spell on the eyes. All I can think of is that it is 
as magnificent as it is threating, a river in spate moving at full 
stress, its surface twisting with curling ropes of water that smack 
together and go up in spouts of foam. The flood is absolute as a 
forest fire is absolute or a full gale stripping the countryside and 
bending down all the trees. 
Here down the torrent comes a tree, uprooted, the tangled 
root structure washed clean by the water, the branches trailing 
thick leaves. A red oil drum comes bobbing high; then two more 
trees slide by, their roots a floating snarl- and how big they are! 
There must have been terrible cloudbursts up in the hills of the 
Casentino when we had that drenching rain last night- this same 
drenching rain, for it is still coming down in scrosci. There are 
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electric lights visible in tow buildings across the Arno, but these go 
out while I am watching, while the dawnlight is still closer to 
darkness tan to day. 
I mark a measuring point on the opposite side, a hole in the 
brick font of the rock-crushing plant, whose flat-bottomed barges 
are leaping and clashing together at their moorings, and after a 
few minutes’ watch I conclude that the river is still rising. It can’t 
be far below the wall that protects the Lungarno on this side, and 
this stretch of street is a high point on the water front. Looking 
upstream toward the Ponte Vespucci I hazard a guess that the 
water is about two feet below the span of the arch. There will be 
real damage done if the Arno should bring all this pressure against 
the bridges themselves. I wonder about the Ponte Vecchio upriver 
at the center of town, for the ancient bridge built by Taddeo Gaddi 
in 1345 is not strong and is very low; there was concern for that 
old landmark some years ago in the high water of November.” 
-K.K. Taylor, Diary of 
Florence in flood  
 
 
Figure 4.12: A portion of the city of Florence showing the approximate heights of the floods of 
1966 and the benchmarks of some representative flood heights within four silhouetted buildings. 
Flood levels at other locations are referenced below by numbers 1 through 13. Figures available 
for other flood heights are presented in brackets. 1. Via Palazzuolo: 2.25m (1884: 1.32m) 2. 
Piazza Goldoni: 1.61 m (1844: 0.091 m) 3. Via dei Leoni: 4.35 m (1844: 1.75 m) 4. Via Mosca: 
4.60 m (1844: 1.75 m) 5. Via dei Rustici: 4.49 m (1557: 3.74 m) 6. Via dei Neri: 4.92 m (1333: 
4.22 m) 7. Piazza Santa Croce: 4.45 m (1557: 3.50 m) 8. Via Verdi: 4.50 m (1844: 1.67 m) 9. Via 
dei Conciatori 5.20 m (1844: 1.80 m) 10. Borgo la Croce: 4.21 m (1844: 1.00 m) 11. Via delle 
Casine: 4.92 m (1844: 1.84 m) 12. Via San Niccolo: 4.20 m (1557: 3.97 m) 13. Lungarno 




Within the city there was no electric power, thousands of homes were flooded, and 
hundreds of cars were submerged. When the floodwaters washed through the narrow streets of 
the city, the streets acted like funnels. Water flowing through a funnel is capable of building up 
great speeds. The great force of the floodwater also compressed the air in some cellars and 
basements so violently that the ceilings were burst open, causing the floor above to collapse into 
the room below (Horton 1967). When the floodwaters entered cellars they damaged the central 
heating oil tanks stored there. This oil, along with mud, water, and sewage, seeped into the 
workshops, homes, museums, and archives housed in the city. In the Uffizi Gallery workmen and 
superintendents rushed to save what they could from the rising waters. Here is Luisa 
Becherucci’s story, the head of the Uffizi Gallery, as published in L’Europeo. 
“Shortly after seven o’clock I was informed by telephone 
that the Arno had overflowed and that the Via della Ninna was 
flooded. I telephoned at once to Superintendent Procacci and 
rushed here. We arrived here in ones and tows just after eight- 
about the time that the water was reaching the Pizza della 
Signoria. Baldini, the head of the restoration department, also 
came; he was soaked to the skin, so he went and took his clothes 
off and wrapped himself in a couple of blankets. With us and a few 
numbers of the museum staff, there were about a dozen people 
altogether. At ten o’clock the telephone went dead, and we were 
isolated. Through a passage on the third floor we were still in 
communication with the Palazzo Vecchio, where Mayor Bargellini 
and about forty other people were marooned. We got ourselves 
organized at one and began rescue operations, working form the 
restoration rooms in the Vecchia Posta, but it was impossible to 
get into those in the Via Della Ninna. We rescued some works of 
great importance- Filippo Lippi’s “Incoronazione”, Masaccio’s 
“Madonna di San Giovenale”; two Simone Martinis form the 
Berenson Collection and Giotto’s great Badia ployptych, all of 
which were in the Uffizi for restoration. We took the collection of 
portraits form the Corridoio degli Archibusieri and carried up 
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from the mezzanine floor some three hundred pictures which had 
been stacked there to await cleaning. Botticelli’s “Incoronazione” 
was one of these. Throughout the morning and the afternoon, so 
long as the light lasted, we kept it up, dealing with the pictures, as 
far as possible, in their order of importance.”  
-Luisa Becherucci (Nencini 1966) 
 
 




Figure 4.14: The San Giovenale Triptych or the Cascia Altarpiece by Masaccio (1401-1428), 




Narial Lusia Bonelli, the curator of the Museo della Scienza, woke at dawn to half a 
meter of water. On her own she carried to higher ground those exhibits displayed in the ground 
floor rooms, among them an Edison phonograph and articles from the Grand Duke Pietro 
Leopoldo’s pharmacy. The water continued to rise within the museum until it threatened the first 
floor. Curator Bonelli then climbed from a second floor window to the State Archives where she 
rescued some exhibits of exceptional historical value, among them Galileo’s telescope (Nencini 
1966).  
  
Figure 4.15 and 4.16: Left, Curator N.L. Bonelli with some of the objects she saved from the 
flood. Right, a recreation of the scholars and custodians of the Uffizi rescuing paintings from the 
ground floor galleries (National Geographic 1967) 
 
While the waters invaded the city, other events occurred. There was a mass escape from 
the Santa Teresa prison. At the Meyer Children’s Hospital the power failed, sixty babies in 
incubators were saved by the discovery of generators on display for the celebrations for Armed 
Forces Day. In the San Salvi Mental Hospital the staff evacuated the patients from the flooded 
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parts of the hospital, the staff’s job complicated by the loss of the pharmacy to rising waters. At 
Montedomini, an assisted living center, a thousand old people were taken to safety on the upper 
floors by six attendants, one inspector and themselves. Twelve children were born at Careggi 
University Hospital on November 3rd/4th; nine when the city was under water (Nencini 1966).  
 
Figure 4.17: Piazza Giuseppe Poggi during the flood (Batini 1967) 
 
 




4.6 The Effects of the Flood 
After the waters subsided 112 deaths were accounted for, 32 died in Florence alone. 800 
municipalities were affected, of which Florence and Grosseto were the hardest hit. In the 
countryside 12,000 farms and homes had been damaged, and 10,000 residences had suffered in 
the cities. In Florence’s Santa Croce district alone a thousand houses were declared unsafe, these 
were spread over 74 streets: 116 were situated in Via dell’ Agnolo, 46 in Via dei Macci, 38 in 
Borgo La Croce, 36 in Via dei Macci, 23 in Via San Giuseppe, 18 in Via delle Casine, and 12 in 
Via delle Conce, among others (Batini 1967). Vineyards, forests, and farmland were destroyed, 
50,000 farm animals died or had to be slaughtered, and 16,000 pieces of agricultural machinery 
were damaged or ruined. Many factories were closed, and special taxes had to be levied to 
provide money for compensation and unemployment benefits (Alexander 1980). 
Early estimates suggest that about 1,400 works of art were damaged, 850 seriously: 221 
paintings on wood, 413 paintings on canvas, 11 cycles of frescoes, 29 single frescoes, 31 
frescoes removed from their original positions, 14 groups of sculpture, 122 individual sculptures, 
22 sculptures in wood and 22 illuminated codices. However these figures refer only to such 
works that are movable; it was difficult to make any valid estimate with regards to buildings and 
structures. Within the just Biblioteca Nazionale: 24,000 manuscripts, 705,000 letters and 
documents, 3,800 incunabula, 3,000,000 volumes and opuscules (minor literary or musical 
works), and 68,000 musicals among others were damaged by the floodwaters mixed with oil and 
mud (Nencini 1966). 
Cimabue’s “Crucifixion” in Santa Croce was considered the greatest single artistic loss 
suffered during the flood when up to seventy percent of it was destroyed by the flood, although it 
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was later restored and is now the centerpiece of a new museum gallery. The crucifix came to 
symbolize the resurrection of the city’s treasures (Alexander 1980). 
 
Figure 4.19 and 4.20: Crucifix (1288) by Cimabue (1240-1302). Right, the Crucifix before the 
flood. Left, the Crucifix after the flood of 1966, note how even after restoration large sections of 
paint are missing (Röhrig 2014). 
 
Other works seriously damaged by the flood were frescos by Paolo Uccello and 
Botticelli; Brunelleschi’s model of the cupola in the Museo dell’Opera del Duomo, the 
collections of the Museo delle Scienze, the collection of musical instruments at the Museo 
Dardini, Andrea Pisano’s door were damaged, five panels became detached from Ghiberti’s 
Porta del Paradiso. The State Archives and the archives of the Opera del Duomo suffered losses. 
The libraries of the Biblioteca Nazionale, Gabinetto Vieusseux, the Conservatorio di Musica 
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Cherubini, the Jewish Synagogue and the Accademia dei Georgofili all suffered damage to their 
collections (Nencini 1966).  
The Accademia dei Georgofili library is part of the Uffizi complex, where it occupies a 
ground floor and basement. The collection is limited to agriculture and was home to 36,000 
volumes. The collection including a small number of incunabula, 67 books from the 16th century, 
145 from the 17th, and 652 from the 18th; with the remainder from the 19th and 20th centuries. The 
Accademia, being completely on the ground floor and basement, was totally flooded so that all 
its books were submerged (Carbery 1969).  
Before the flood, the Biblioteca Nazionale contained almost three million volumes 
including 3,600 incunabula and 24,075 manuscripts. Almost a third of these were damaged in the 
flood. The most severe damage was done to the 300,000 volume Magliabechiana and Palatina 
collections. Despite the historic value of these collections, the volumes are rarely consulted and 
were relegated to the basement so that the upper floors would be available for the library’s 
contemporary function. World War II (WWII) was also a factor as the basement was thought 
more secure in the case of bomb damage. However, the basement area of the Nazionale is below 
the level of the Arno River and so the most valuable collections became the most damaged. The 
basement also housed the collection of 19th and 20th century newspapers, many of them the only 
surviving copies. These suffered the same fate as the books, although lacking bindings and 
covers their damage was greater. The same fate awaited the 60,000 volume collection of 
journals, the 50,000 volume collection of French and German dissertations, 19 boxes of 
pamphlets, reprints, minor works and an indeterminate number of broadsides, posters, theater 
bills, etc. All the equipment of two complete floors was destroyed or damaged almost beyond 
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repair: including 24 km of shelving, wiring, heating, ventilation, office equipment, printing press, 
etc. (Carbery 1969) 
Of the 350,000 volumes that form the Gabinetto Scientifico Letterario G.P. Vieusseux, 
almost 250,000 were damaged by the flood. These were stored in the basement. The first 
editions, rare books, newspapers, periodicals were all on the ground floor. The catalogues were 
undamaged. The material damages were similar to those of the Nazionale. A conservative 
estimate put the number of books damaged beyond repair or completely lost at 10,000 (Carbery 
1969). 
The Biblioteca Nazionale reopened in March of 1967 and has been fully operative since 
January of 1968. The Accademia dei Georgofili library reopened in September of 1968. 
Financial support is perhaps the one remaining problem; by 1978 books damaged in the 1904 
Turin fire were still waiting to be restored (Carbery 1969).  
 
Figure 4.21: Student volunteers removing paintings from the Uffizi for drying, volunteers from 
around the world came to help in removing the sea of mud and wherever they would be of help 




Figure 4.22: Books from Florence in a hallway at the Vatican Restoration Institute in Rome 








4.6 Summary of Prior Work 
“The conditions… prior to a disaster may be such that it is only a 
matter of time for a real tragedy to occur.”  
–P. Waters, “From Florence to St. 
Petersburg.” 
 
The flood of 1966 was one of the most devastating disasters, on Earth in regard to the 
damage of cultural property. For those who participated in the recovery efforts in Florence the 
flood represented a time of international cooperation, the world came together to help recover 
over two million damaged books and countless other works of art (Devine 2005). As to why this 
was so when the Arno had been subject to periodic and occasionally devastating flooding 
throughout history, there were a few reasons. The deforestation along the banks of the Arno east 
of Florence permitted a significant amount of runoff. Valuable collections and items were stored 
in basements during WWII to protect them from the bombs that damaged much of Florence and 
the surrounding area. And since basements usually provided cool, dry storage environments in 
historic buildings with no centralized air conditioning systems and limited space, many 
collections remained in their basement homes. And finally, as the flood occurred on a holiday 
weekend, many of the individuals responsible for the collections and archives were out of town 
and unable to respond immediately to the rising waters. The holiday that sent many people out of 
town was also the event that prevented the collections preemptive saving from the rising water 
(Devine 2005).  
In Italy the artistic losses took second place to the human and environmental effects; but 
the artistic losses were dominant within foreign reporting, which may have been addressing a 
public that thought of Florence mainly as a museum of the Renaissance and has a vague idea of 
soil erosion (Alexander 1980).  
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“Those of us who, in one way or another, have been 
associated with the rescue and restoration operations of books and 
archives in Florence since the flood of 1966, would agree that the 
conservation world was completely unprepared for such a disaster, 
for there were few universally established guidelines to follow. 
Most institutions which have suffered disasters must have kept 
records of their restoration programs but nothing has been 
published in the international journals on this problem of large-
scale treatment. My own researches into fire and water damage 
since the flood have in fact revealed a distressing lack of 
information on the practical treatment given to damaged books.” 
-P. Waters, Requirements for an 
International Center for Preservation of 
Books and Manuscripts 
 
Florence experienced two major disasters, one from the flood itself and the other 
resulting from the manner in which the collections were removed and dried (Waters 1995). Out 
of this morass of hurried restoration and the artistic and cultural losses of the flood came the start 
of modern library conservation treatment philosophy, technology, and the development of 
treatment protocols still employed today. The recovery effort of Florence lead to the 
development of improved methods of dealing with mass treatments; the most significant strategy 
learned at Florence was the rapid stabilization of damaged materials prior to the individual 
treatment of the object. Before the flood the largest recovery efforts were the result of water 
damage from the efforts of firefighting and the bane of paper storage, the water leak. The 
methods and strategies developed at Florence were later utilized at the 1972 Temple Law School 
Library fire, the 1973 National Personnel Records Center fire, and the 1988 St. Petersburg 
Academy of Sciences fire, among others (Waters 1995).  
This flood is stressed by prominent library conservators as a turning point in the 
development of conservation. Experts in the conservation field have stated that it now has a 
biblical nature, in terms of ‘before the flood’ and ‘after the flood’ (Ogden 1979).  
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“Things have been changing, dramatically, in the last few 
years… beginning with the tragic and newsworthy floods in 
Florence in 1966. Television and radio news coverage made a big 
to do about it. …the drama was kept in the public eye for many, 
many months. This focused international attention the problem of 
conservation, made people begin to think about such matters, and 
was the turning point from which things began to look better.”  
-G.M. Cunha, Tripartite Concept of 
Conservation. 
 
P. Waters has stated that “the conservation world was completely unprepared for such a 
disaster, for there were few universally-established guidelines to follow” (Ogden 1979). The 
1966 flood of Florence has caused the realization that conservation can and has to be carried out 
on a large scale, especially when rare books and/or nationally important collections are impacted 
(Ray 2006). Little has been done with disaster planning for Florence. While a disaster response 
plan is considered a cornerstone of a well-developed preservation program, few are particularly 
concerned, about another flood or the more mundane threats posed by leaking pipes or structural 
collapse. The BNCF is the only institution that is currently working on a disaster response plan, 
but progress has been slow due to other demands placed on the small staff (Devine 2005). 
Unfortunately the disaster that occurred on November 4th 1966 can or will occur again. 
The geographic situation of the city has not changed. The region is still deforested and dry, prone 
to rapid runoff. The two dams that exist on the river were not built for the purpose of flood 
control. The river was not dredged after the 1966 flood, the silt from that event is estimated to be 
1.8 m thick, and silt has been accumulating (Klein 1969). The channel is therefore shallower 
since 1969 (Klein 1969), possibly leading to an increased risk of flooding. The libraries of 
Florence are acutely aware of the need for good collection storage and maintenance and have 
redesigned and reevaluated collections storage policies. However due to space limitations, in the 
late 1990s some institutions began to store materials in basements (Devine 2005). If this were not 
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the case, Florence would still qualify as a historic resource, and if all the documents and artifacts 
were removed to higher ground, it would be problematic to move the entire city out of harm’s 
way.  
Nor is Florence’s situation all that uncommon. It is a population center built on a river, 
due to rivers being useful for transport and other activities. Add in a river’s floodplain, which is 
usually naturally fertile and near a supply of water, and rivers look rather appealing to live near. 
Other examples of historic cities built close to rivers are Florence along with other populated 
areas such as Paris, France; New Orleans, USA; Washington, DC; St. Petersburg, Russia; Rome, 
Italy; and Cairo, Egypt. Although rivers are not the only threats, about 10% of the Earth’s 
population lives on the world’s coasts at less than nine meters above sea level (Greenfieldboyce 
2007), well within reach of tropical cyclones and their storm surges, as well as tsunamis, and 
rising sea levels. Of the Earth’s largest cities, i.e. those with more than five million people, two-
thirds are located all or partially in these same low areas.  
The plight of Florence and the Uffizi Galley is the case for this research agenda. In 
creating a risk index we are able to preemptively prepare for certain hazard in other cities and 
other museums in the hope of lessening the blow of the coming disasters.  
 “Much location theory has ignored the existence of 
natural hazards and focused only marginally on natural resources 
in explaining the location and relocation of human activity. When 
environmental hazards are explicitly considered, their impacts on 
the decision process are complicated by the trade-offs between 
environmental risk and amenities, political factors that constrain 
location decision, the time frames used by the decision makers, and 
the availability of practical alternatives.”  





It seems that every location has both its environmental amenities and hazards. “When one 
points out to Californians that they live in earthquake country, they will invariably respond by 
pointing out the problems of hurricanes, tornadoes, or other hazards elsewhere” (Hodgson & 
Palm 1992).  
“To the Englishman on his island, earthquakes are 
disasters that happen to others. It is recognized that “while the 
ground is liable to open up at many moment beneath the feet of 
foreigners, the English are safe because ‘it can’t happen here’ 
(Niddrie 1962)” thus is described a not uncommon attitude to 
natural hazards in England: its parallels are universal.” 
-I. Burton, R.W. Kates and G.F. White, “The 
perception of natural hazards in resource 
management.” 
 
With disasters that could be considered catastrophic, the likelihood of them occurring in 
any given year in any given place is small. Disasters are unique and exceptional events, many 
extreme geophysical events occur with a periodicity only slightly longer than the timespan of 
human memory, 30-100 years (Alexander 1993). Factor in that people are mobile: a person 
residing in the USA is expected to move an estimated twelve times in their lifetime (U.S. Census 
Bureau 2012), the chance that a person will be in a given place when the disaster occurs is less 
than if they just stayed in one spot their entire lives. While individuals may reasonably expect 
little chance of a given hazards occurrence during their occupation of a given place, for a 
community occurrence of disasters are virtually inevitable (Burton, Kates & White 1993). People 
are transient, their infrastructure is not. Hospitals, fire stations, courthouses, libraries, archives, 
and museums tend to be long lasting and are not likely to be moved after their founding. These 
institutions are both important to the local area (e.g. hospitals and fire-stations) or are being used 
to store items of potential high cultural worth (e.g. archives and museums). The impact of some 
hazards has become bigger as the complexity of society has increased. “The increase of the 
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physical capital of mankind has been accompanied by its subsequent concentration in vulnerable 
locations or its distribution throughout potential disaster areas” (Alexander 1993).  
Have archives and museums, mankind’s stuff, been placed in the safest places? Is there a 
safe place on the hazard infested surface of the Earth? Recently in mankind’s tenure on Earth 
there “has been a substantial increase in the risk of natural disaster, which has only been partially 
offset by better preparation, mitigation and education” (Alexander 1993). ‘‘Regardless of 
whether you believe the cause is global warming or natural changes in weather patterns, there is 
no disagreement that the frequency and severity of what we call ‘weather events’ are on the rise’’ 
(Witt 1998). Few hazards are completely preventable or expected. As a community leader 
pointed out in the ‘Corriere della Sera,’ “the parliamentary inquiry into the disaster has failed to 
observe one fundamental point: that the State, under any government, has never really tried to 
prepare for unforeseen natural hazards” (Alexander 1980). Immediately after the floods, E. 
Casamassima, Director of the Biblioteca Nazionale, stated that the flood was, “an act of nature, 
but only the capstone to a cycle of errors, negligence, and weakness that has laid bare… defects 
and needs which were previously only partly recognized” (Devine 2005). The ‘Acts of God’ of 
today are often tomorrow’s acts of criminal negligence (Burton, Kates & White 1964). 
“We may like to think of ourselves as civilized, but that 
civilization is in large part bestowed by material wealth. … To 
some extent… what allows us to behave as humans are our clothes, 
our homes, our cities, our stuff, which we animate though our 
customs and language. (This becomes clear if you ever visit a 
disaster zone.) The material world is not just a display of our 
technology and culture, it is part of us. We invented it, we made it, 
and in turn it makes us who we are.”  
-M. Miodownik, Stuff Maters 
 
So, as George Santayana wrote in his book, ‘Reason in Common Sense’, “When 
experience is not retained… infancy is perpetual. Those who cannot remember the past are 
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condemned to repeat it.” In this case what we are condemned to repeat is the same disasters over 
and over again. Or as Father Carbery said in regard to the 1966 flood of Florence “Many lessons 
have been learned and new skills acquired. The experience was painful but, while floods may 
come and go, libraries must last forever” (Carbery 1969). 
Preparedness can remove or reduce the need for restoration. Recent floods at the 
University of Hawaii and the numerous flooded archives and libraries on the Gulf Coast after 
Hurricane Katrina demonstrate that large scale damage to library and cultural heritage materials 
still occurs (Ray 2006). Lest the tragedy of Cimabue’s Crucifix be repeated, this innovated 
research proposes the creation and use of a risk index. The use of this index would facilitate the 
precautions necessary for security and safety, long term needs of the collection, possible points 
for retrofitting, and preemptive precautions in the hopes of protecting our cultural heritage for 




Chapter Five: Methodology 
5.1 Purpose of Research 
The purpose of this research is to create a simple index for the measurement of risk for 
museums and the collections stored there. In the hope that this will help identify locations at risk 
before the possible coming disaster strikes. To create such an index to help insure the long term 
preservation of the collections housed at these facilities and to insure their enjoyment by 
generations to come. 
5.2 Hazards Not Appearing in this Index 
There are many hazards affecting the Earth, however they operate at different scales, 
frequencies, and magnitudes. Some are better understood than others. Uniformitarianism implies 
that natural processes are uniform though time and space with only their rates changing. 
Catastrophism implies that the Earth has been affected in the past by sudden, short-lived, 
episodic, violent events. The history of the Earth is defined by slow, gradual events that are 
occasionally punctuated by the occasional catastrophic events. Although with a really long view, 
for about 4.5 billion years or so, even so called catastrophic events can seem uniform though 
time. This index will not cover all possible theoretical hazards for a given place. Events that are 
diffuse though time and space, or those that have a return interval of millions of year, that are 
truly catastrophic, or those that only affect the human element will not be considered.  
For processes affecting the various spheres of the Earth, those events that affect the entire 
plant will not be considered. With such events, like the reversal of the Earth’s pole, the effects 
are little understood; therefore this index will not include it at this time. For other localized 
events, those effects extending beyond the first few days after a given theoretical event will not 
115 
 
be considered; for example the economic losses years after a given event, planetary cooling after 
a volcanic eruption, or the migrations of people away from the area. 
For the purpose of this index, cosmic events shall not be investigated. These include 
meteor impact, solar flare, sudden black hole, or any such event. First, they can affect anywhere 
without too much variance in strength; such as meteor impact or the effects that could be caused 
by a direct hit by a solar flare. Second they are rather hard to militate against, without actually 
leaving the surface of the Earth. With a direct hit of a large cosmic object, i.e. anything greater 
than one meter, one could assume total loss of a structure. With the really large objects or events 
there is the possibility for catastrophic alteration of the Earth’s environment and possible adverse 
effects on civilization, which may be hard to predict. Third the return interval for most of these 
catastrophic/doomsday events is rather long when compared to the human timescale. For these 
reasons cosmic events will not be considered in this index. 
 
Figure 5.1: Meteorite impact rate for Earth (Nelson 2012). 
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Heatwaves, plagues, famine and drought will not be considered in this index due to the 
spatial nature of the disaster. Heatwaves and drought are difficult to assign a start and end time 
to, their effects are dispersed and they are difficult to quantify. One man’s heatwave is another 
man’s pleasant fall afternoon. One region’s drought may be another’s wet season. Someone who 
lives west of the Mississippi River in the USA does not call a rainless month a ‘drought,’ a 
Californian does not use the term even for an entire growing season that is devoid of rain, for 
these are not unusual occurrences. Dry periods lasting for several years, or several decades, do 
not qualify as droughts if they cause no hardship among the locals (Thomas 1962). Famine and 
plague are primarily human orientated with typically little damage to infrastructure.  For these 
reasons heatwaves, drought, famine and plague will not be considered in this index despite their 
potential to cause massive loss of human life. Sandstorms will be considered for this index and 
classified under Terrestrial, other. They can greatly reduce visibility, strip the paint off of 
objects, kill people, and damage property in some regions.  
The effects of extensive nuclear war will not be considered in this index, it would be a 
really bad day for everyone. Possible nuclear power plant problems, such as Chernobyl or Three 




Figure 5.2: Potential nuclear targets in the USA, the dense clusters are the arsenals, other dots 
are locations of perceived strategic value, such as military bases, capitols and large population 
centers, modified (FEMA 1990). 
 
 
Figure 5.3: A potential fallout pattern from probable attack sites due to prevailing winds from 
1988, a sizeable chunk of the populated regions would be radioactive after a moderate event, 
modified (FEMA 1990). 
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5.3 Hazards Appearing in this Index 
Geologic hazards- related to the movements of the Earth’s surface movements 
Earthquake 
“Earthquakes are generally regarded as the most 
destructive force of nature. While a long-term worldwide 
comparison shows that the number of deaths and the magnitude of 
economic losses caused by storms and floods by far exceed those 
by earthquakes, it is nevertheless true to say that no other natural 
phenomenon creates such a massive psychological shock.”  
-G. Berz et al., “World map of natural 
hazards” 
 
The majority of the Earth’s earthquake activity, 90%, takes place at the margins of the 
tectonic plates. The relatively rapid motions experienced by plates generate very large numbers 
of earthquakes over a short interval of time. The relative motion of the plates is used to define 
three types of plate boundaries. Convergence zones: where plates collide and where the denser is 
subducted under the lighter, i.e. the subduction of the Nazca plate under the South American 
plate. Divergence zones, where plates move apart as a result of the formation of new crust on 
oceanic ridges and the continental rift zones, i.e. the Mid-Atlantic ridge. Transform faults, where 
plates move past each other horizontally, i.e. the San Andreas Fault in CA, USA (Berz et al. 
2001). 
Earthquakes are classified according to their focal depths with 0 to 75 km being shallow, 
70 to 300 km being intermediate and those greater than 300 km being deep. Shallow focus 
earthquakes are associated with the crests of the ocean ridge systems and with rifts. All 
intermediate and deep events are associated with destructive plate margins. Intermediate and 




With the creation of large skyscrapers and densely populated cities there has come a new 
earthquake effect, the Mexico City Effect. Where within large cities resonance effects can or will 
occur because of the combination of subsoil conditions and distant, large quakes, such as those 
observed in Mexico City in 1985. The building of skyscrapers generates an earthquake risk in 
areas that were regarded as previously essentially free of exposure. Skyscrapers increase the 
range over which earthquakes are felt and cause damage. The actual risk of damage depends on 
the structural design, which is often inadequate or at least questionable because of the low level 
of classic exposure (Berz et al. 2001). 
 
Figure 5.4: Worldwide distribution of epicenters of large magnitude earthquakes (mb>4) 
for the period 1961-1964 (Kearey, Klepsis & Vine 2009). 
 
When an earthquake occurs it can be measured in one of two ways, magnitude or 
intensity, the two measure different characteristics of earthquakes. Magnitude measures the 
energy released at the source of the earthquake and is determined from measurements obtained 
with seismographs. The energy released for an earthquake is logarithmic. Intensity measures the 
strength of the shaking produced by the earthquake at a given location and is determined from 
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the effects on people, structures, and the natural environment. Intensity may be inferred after the 
event has occurred by observing the damage caused, it also can be used to determine the strength 
of historic earthquakes and those that occurred where no seismographs were in place (U.S. 
Geological Survey (USGS) 2013). 
Table 5.1: Magnitude/Intensity 
Comparison (USGS 2013). 
Magnitude Typical Maximum 








VIII or higher 
 
Table 5.2: Abbreviated Modified Mercalli Intensity Scale (USGS 2013). 
Intensity Effects 
I. Not felt except by a very few under especially favorable conditions. 
II. Felt only by a few persons at rest, especially on upper floors of buildings. 
III. Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many 
people do not recognize it as an earthquake. Standing motorcars may rock slightly. 
Vibrations similar to the passing of a truck. Duration estimated. 
IV. Felt indoors by many, outdoors by few during the day. At night, some awakened. 
Dishes, windows, doors disturbed; walls make cracking sound. Sensation like heavy 
truck striking building. Standing motorcars rocked noticeably. 
V. Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable 
objects overturned. Pendulum clocks may stop. 
VI. Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen 
plaster. Damage slight. 
VII. Damage negligible in buildings of good design and construction; slight to moderate in 
well-built ordinary structures; considerable damage in poorly built or badly designed 
structures; some chimneys broken. 
VIII. Damage slight in specially designed structures; considerable damage in ordinary 
substantial buildings with partial collapse. Damage great in poorly built structures. Fall of 
chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned. 
IX. Damage considerable in specially designed structures; well-designed frame structures 
thrown out of plumb. Damage great in substantial buildings, with partial collapse. 
Buildings shifted off foundations. 
X. Some well-built wooden structures destroyed; most masonry and frame structures 
destroyed with foundations. Rails bent. 
XI. Few, if any (masonry) structures remain standing. Bridges destroyed. Rails bent greatly. 
XII. Damage total. Lines of sight and level are distorted. Objects thrown into the air. 
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 Earthquake damage is caused by the direct impact of the tremmor, which can bring down 
bulidings. It earthquakes can also cause subsidance in unconsidliated material, cause landlsides, 
destory dikes and levies, rupture pipes, start fires, etc. Fires occuring after the earthquake can be 
more distructive than the earthquake that preceded them. Such as the San Franciso earthquake of 
1906 or the Kanto Earthquake of 1923. 
 The Kanto Earthquake of 1923 caused a significant number of losses because of fire. 
Fires broke out at about noon of September first and continued for forty hours until four in the 
morning on September third, 44% of the city of Tokyo was burned. About 370,000 homes were 
lost in the aftermath. 60,000 people were either dead or missing, representing 2.5% of the city’s 
population of 2,437,000. The fires started almost simultaneously and evolved into huge 
uncontrollable conflagrations. Throughout Tokyo 183 fires were started and 127 of them spread 
to neighboring buildings. 88 of the fires originated at cooking ranges, hibachi (fire-boxes) and 
charcoal stoves at homes and restaurants. 27 were caused by chemical compounds and 
explosives. As many as 52 fires were set by airborne sparks. These fires spawned tornadoes of 
varying force. The strongest of theses uprooted or broke trees measuring 40 to 50 cm (Nakano 
































































Chiba 1,335 3,426 7 31,186 14,919 647 71 31,904 
Saitama 316 497 95 9,268 4,577 - - 9,268 
Yamanashi 20 116 - 1,763 4,994 - - 1,763 
Shizuoka 375 1,243 68 2,298 10,219 5 661 2,964 
Ibaraki 5 40 - 517 681 - - 517 
Nagano - - - 45 176 - - 45 
Tochigi - 3 - 16 2 - - 16 
Gunma - 4 - 107 170 - - 107 
Total 99,331 103,733 43,476 12,8266 126,233 447,128 868 576,262 
 
Tsunami 
Tsunami are made in the deep ocean by fault movements, volcanic eruptions, caldera 
collapses, landslides, meteorite impacts or other events that cause the displacement of large 
volumes of water. They are most commonly created by subsea fault movements with large 
vertical offsets of the seafloor. Tsunami waves propagate out in all directions, their speed 
depends on the depth of the water. In the great oceanic basins, their mean speed is approximately 
700 km/h. These waves can often travel 10,000 km without weakening, therefor regions that 
have not experienced any direct effect of the earthquake can be impacted (Berz et al. 2001). They 
are slowed down when they come in to contact with a shoreline due to increased bottom friction. 
They arrive as a series of waves separated by periods in the 10 to 60 min range. The waves are 
usually a meter or so in height in the Open Ocean and 6 to 15 m high on reaching shallow water. 
They can be forced to greater heights by relatively narrow topography such as bays and harbors. 
At Hawaii and Japan, for example, tsunami suddenly hammering the coastline have reached 30 
m in height. A tsunami arriving at the shoreline looks like a rapidly rising tide or white-water 
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wave, which just keep coming. The height of tsunami is not as important as the momentum of 
their large masses, separated by ultra-long wavelengths and periods (Abbott 2004). 
Table 5.4: Tsunami in recent times, modified (Abbott 2004). 
Year Cause Height (m) Location Fatalities 
1755 Earthquake 10 Lisbon, Portugal 30,000 
1792 Landslide 10 Japan >14,000 
1883 Krakatau collapse 35 Indonesia 36,000 
1896 Earthquake 29 Japan 27,000 
1933 Earthquake 20 Japan 3,000 
1946 Earthquake 15 Alaska USA 175 
1958 Landslide 520 Alaska USA 5 
1960 Earthquake 10 Chile >1,250 
1964 Earthquake 6 Alaska USA 125 
1992 Earthquake 10 Nicaragua 170 
1992 Earthquake 26 Indonesia >1,000 
1993 Earthquake 31 Japan 239 
1994 Earthquake 14 Indonesia 238 
1998 Landslide 15 Papua New Guinea >2,200 
2004 Earthquake 33 Indian Ocean >230,210 
 
Volcano 
Over 90% of volcanism is associated with the edges of tectonic plates; the remaining 
percentage is mostly associated with hotspots. At the divergent plate boundaries, like the Mid-
Atlantic Ridge and the East Pacific Rise, over 80% of the Earth’s magma is extruded, mostly 
onto the sea floor. Transform plate boundaries between the plates have little to no associated 
volcanism. Subduction zones, where one plate slips beneath another, are home to volcanoes that 
produce 7 to 13% of the Earth’s magma (Kearey, Klepsis & Vine 2009). These volcanoes tend to 
be the most threating; unlike the oceanic volcanoes which tend to be constantly active and 
relatively peaceful. The volcanoes found on the continents have long periods of dormancy and 
when they erupt they tend to be explosive. People tended to live near them as they are semi-
coastal and rather pretty.  
 Volcanoes can be classified in to three categories. The first, Class 1, have their last 
eruption before 1800 AD. The second, Class 2, have their last eruption after 1800 AD. The third, 
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Class 3, are volcanoes which are considered particularly dangerous by the International 
Association of Volcanology and Chemistry of the Earth’s Interior (IAVCEI). With Class 1, 
dormant; Class 2, active; Class 3, really active. To really assess volcanic activity, periods as long 
as hundreds or even thousands of years are necessary. For example, the last eruption from 
Pinatubo, located in the Philippines, was 600 years prior to its eruption in 1991. The Mexican 
volcano El Chichon was considered extinct, then it erupted in 1982 (Berz et al. 2001). 
 There are several risk factors associated with volcanoes: ash deposits, tsunami, lava and 
mud flows (lahars), glowing avalanches (pyroclastic flows), nuée ardente, volcanic seismicity, 
etc. These phenomena vary from volcano to volcano, and from eruption to eruption. Ash deposits 
and tsunami can create damage over large areas, other phenomena only present a danger to the 
area in the volcano’s immediate neighborhood. The spread of ash is subject to the direction and 
force of the prevailing wind. Pyroclastic flows, or ‘nuée ardente’, where the ejected ash particles 
keep a temperature above their melting point. These fiery clouds are influenced by gravity and 
the slope. The impact of tsunami caused by volcanic eruptions at coasts and in the oceans is 
comparable with those of seismic origin (Berz et al. 2001). 
 





Figure 5.6: World map showing the locations of prominent hotspots, modified (USGS 1999). 
 
 
Figure 5.7: The three main types of volcanoes, a size comparison, modified (Ahern 2007). 
 
Table 5.5: Volcanic cause of death out of 530 events 
and 275,000 fatalities (Simkin, Siebert &Blong 2001). 
Cause Fatalities % Event % 
Debris avalanche 2 3 
Earthquake <1 2 
Flood 1 2 
Gas 1 4 
Indirect (famine) 23 5 
Lahar 15 17 
Lava flow <1 4 
Lightning  <1 1 
Pyroclastic fall (bombs) 2 21 
Pyroclastic flow 29 15 
Tsunami 21 5 




Figure 5.8: The many natural hazards of volcanoes (USGS 2010). 
 
Table 5.6: Volcanologists killed by eruptions (Abbott 2004). 
Year Volcano Country Total Fatalities Dead Volcanologists 
1951 Kelut Indonesia 7 3 
1952 Myojin-sho Japan 31 9 
1979 Karkar New Guinea 2 2 
1980 St. Helens United States 62 2 
1991 Unzen Japan 43 3 
1991 Lokon-Umpong Indonesia 1 1 
1993 Galeras Colombia 9 6 
1993 Guagua Pichincha Ecuador 2 2 




Table 5.7: Materials vulnerable to volcanic damage include (FEMA 1996). 
Material type Possible damage 
All collections on open shelves coated 
with corrosive and acidic volcanic ash 
Coated with corrosive and acidic volcanic ash 
Archival materials  Abrasion, embrittlement, oxidation, loss of data 
(magnetic and electronic), silvering out 
Artworks   
Bone and ivory Discolored, loss of applied color, staining  
Baskets and similar fibrous materials Staining, loss of color 
Ceramics Abrasion, scratched, loss of color 
Furniture/wood Loss of surface finish, oxidation of attached metals 
Glass Abrasion, scratched 
Metal objects Scratched, oxidation, corrosion 
Natural history specimens, which may 
be stained or covered with ash 
Staining/ contamination by ash 
Textiles Staining, weakening 
 
Table 5.8: Damage caused by volcanic sources (gases, mud, lava and ash) (FEMA 1996). 
Corroding and oxidization of metal and photographs 
Damage to surface finishes on paper, photographs, wood, textiles and other objects 
Destruction of magnetic media, particularly audiotapes, digital files, software and videotapes 
Embrittlement of paper, photographs, textiles and other objects  
Fading and/or staining of art work or paper 
 
Human hazards- those related to humans or their artifacts 
Neglect 
 Caused by human inaction. Inaction, the failure to act or leaving something alone for 
longer than it should; causing damage. The Johnstown Flood of 1889 was due to the catastrophic 
failure of the South Fork Dam on the Little Conemaugh River 23 km upstream of Johnstown PA, 




Figure 5.9: Some of the wreckage of the Johnstown flood (Johnson 1889). 
 
Accident 
 Accidents are caused by miss-action. Miss-action, such as misreading a dial, arriving late, 
leaving early, dropping something, miss-hearing instructions, and other such events can cause 
failure and damage, sometimes catastrophic. 9 Mile Island is an example of a disaster caused by 
accident.  
Vandalism 
 The intentional and malicious destruction of or damage to the property of another. 
Includes behavior such as breaking windows, slashing tires, spray painting a wall with graffiti, 
and destroying another’s property. Vandalism is a malicious act and may reflect personal ill will, 
although someone does not need not know their victim to commit vandalism. The recklessness of 




Figure 5.10 and 5.11: Left, the Lincoln Memorial, Washington DC, with paint splatter (NBC 
2013). Right, damaged stained glass window from St. Bartholomew’s Church in Crewerne, 
Somerset, UK (Duell 2014). 
 
   
Figure 5.12, and 5.13: Left, petroglyph damaged by bullet holes, Nine Mile Canyon UT, USA 
(Heyser 2004). Right,, The Little Mermaid (1913) by E. Eriksen (1876-1959) in the harbor of 




Figure 5.14: Night Watch (1642) by Rembrandt (1606-1669) at the Rijksmuseum in 




Table 5.9: Materials vulnerable to vandalism and etc. (FEMA 1996). 
Collections lacking good alarm systems and nearby/ onsite police protection 
Materials inadequately housed 
Items easily destroyed by mishandling, such as ceramics, glass, paper, 
specimens in alcohol or formaldehyde, and textiles 
Items in parks with employee relations problems 
 
Table 5.10: Damage caused by vandalism and etc. (FEMA 1996). 
Explosion damage resulting from bombs 
Fire and smoke damage 
Fouling of collections with food, garbage, and human waste 
Graffiti marking on objects, such as paper 
 
War/strife 
“An interesting fact in the chemistry of international controversy is 
that at the point of contact of two patriotisms lead is precipitated 
in great quantities.” 
-A. Bierce, The devil’s dictionary 
 
 War is the state of armed conflict between different nations, states, or different groups 
within a nation or state. Damages include bombing, fire, looting, theft, etc. 
 





“PLUNDER, v. To take the property of another without 
observing the decent and customary reticences of theft. To effect a 
change of ownership with the candid concomitance of a brass 
band.” 
-A. Bierce, The devil’s dictionary 
 
 The removal of an object from its current location and transport somewhere else. 
 
Figure 5.16: The Mona Lisa (1506) by Leonardo Da Vinci (1452-1519) was stolen from the 
Louvre on August 21, 1991 (Vinci 1506). 
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Atmospheric hazards- hazards related to the movements of the Earth’s atmosphere. 
Wind 
 Tropical cyclones are heat engines that convert the heat energy of the tropical oceans into 
winds and waves. They help redistribute heat from the warm tropical regions to the colder 
regions of the north. They are massive storms with diameters usually 100 to 200 km, areas of 
200 to 500 km, and they can generate winds over 240 km/hr. (Berz et al. 2001). They create large 
storm surges that temporarily raise sea level over 6m; extreme waves, cause heavy rains, creating 
floods; and when a tropical cyclone makes landfall it can spawn tornadoes. When tropical 
cyclones move onto land they usually weaken quickly, due to friction and loss of its energy 
source. Tropical cyclones are known by different names in different ocean basins. However all 
are rotating, low-pressure weather systems with warm cores that generally form over warm 
seawater between 5o to 20o latitude and which then move off to transport their heat to higher 
latitudes. Tropical cyclones do not form on or within 5o of the equator. Within that region the 
Coriolis Effect is so weak there is not enough rotation to build the storms. For this reason 
tropical cyclones cannot cross the equator, with no Coriolis Effect the storm loses its rotation 
(Bell 2007).  
 
Figure 5.17: Global distribution of tropical cyclones with typical tracks and local names, 




Figure 5.18: Map of the cumulative tracks of all tropical cyclones during the 1985 to 2005 time 
period, modified (Nilfanion 2006). 
 
Each year there are about 84 tropical cyclones that form on Earth. Those tropical 
cyclones that occur in northwest Pacific Ocean impact the Philippines, China, and Japan about 
three times as often as those that occur in the North Atlantic Ocean, Caribbean Sea, and the Gulf 
of Mexico impact the Atlantic and Gulf Coasts. Not only are the storms that impact the 
northwest Pacific more numerous, with about 30 storms a year compared to the Americas’ 10, 





Figure 5.19: Percent probability that a hurricane (>33 m/s) or a great hurricane (>54 m/s) will 
occur in a given year along 80 km long segments of the U.S. coastline. Figure also shows the 
paths of hurricanes Katrina and Rita (Locke 2007) after  





Figure 5.20: Total number of hurricane strikes by county/ parish/ borough on the Gulf Coast of 
the USA, 1900-2010, modified (NOAA/National Weather Service (NWS) 2014). 
 
Table 5.11: Deaths associated with 
noteworthy tropical cyclone disasters 
(Frank and Husain 1971). 
Year Location Deaths 
1789 India 20,000 
1822 East Pakistan 40,000 
1833 India 50,000 
1839 India 20,000 
1864 India 50,000 
1876 East Pakistan 100,000 
1881 China 300,000 
1897 East Pakistan 175,000 
1900 Texas USA 6,000 
1923 Japan 250,000 
1960 East Pakistan 5,146 
1960 Japan 5,000 
1963 East Pakistan 11,468 
1963 Cuba-Haiti 7,196 
1965 East Pakistan 19,279 
1970 East Pakistan 300,000 
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The countries bordering the Indian Ocean are threatened with one of the most severe 
storm surge problems; this is especially true with the northern Bay of Bengal. In this bay there is 
the combination of a large astronomical tide, a funneling coastal configuration, low flat terrain 
and frequent severe tropical storms. This geographic location occasionally conspires to produce 
storm surges that kill thousands of people (Frank and Husain 1971). 
For example, on November 12, 1970, a moderately strong severe tropical cyclone made landfall 
with the crest of high tide and inundated East Pakistan with a 6 m storm surge. The storm killed 
approximately 300,000 people, with 200,000 confirmed burials, and another 50,000 to 100,000 
missing. Accurate fatality figures were difficult to determine because of the large influx of 
workers into the islands from the mainland at the time of the storm to harvest the rice crop 
(Frank and Husain 1971). 
Table 5.12: The Saffir-Simpson tropical cyclone wind scale modified from (NOAA/NWS 2013). 
Category Sustained Winds Storm surge  Types of Damage Due to Hurricane Winds 
1 74-95 mph 
64-82 kt 
119-153 km/h 
1.2-1.5 m Very dangerous winds will produce some damage: Well-constructed frame homes 
could have damage to roof, shingles, and vinyl siding and gutters. Large branches 
of trees will snap and shallowly rooted trees may be toppled. Extensive damage to 
power lines and poles likely will result in power outages that could last a few to 
several days. 
2 96-110 mph 
83-95 kt 
154-177 km/h 
1.8-2.4 m Extremely dangerous winds will cause extensive damage: Well-constructed frame 
homes could sustain major roof and siding damage. Many shallowly rooted trees 
will be snapped or uprooted and block numerous roads. Near-total power loss is 






2.7-3.7 m Devastating damage will occur: Well-built framed homes may incur major damage 
or removal of roof decking and gable ends. Many trees will be snapped or 
uprooted, blocking numerous roads. Electricity and water will be unavailable for 






4-5.5 m Catastrophic damage will occur: Well-built framed homes can sustain severe 
damage with loss of most of the roof structure and/or some exterior walls. Most 
trees will be snapped or uprooted and power poles downed. Fallen trees and 
power poles will isolate residential areas. Power outages will last weeks to 






>5.5 Catastrophic damage will occur: a high percentage of framed homes will be 
destroyed, with total roof failure and wall collapse. Fallen trees and power poles 
will isolate residential areas. Power outages will last for weeks to possibly months. 
Most of the area will be uninhabitable for weeks or months. 
 
Another severe wind is the tornado. A tornado is a narrow, violently rotating column of 
air that extends from the base of a thunderstorm to the ground. A number of names are used in 
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conjunction with tornadoes, often a local term, i.e. ‘tatsumaki’ in Japan or ‘trombe’ wherever 
German is spoken (Berz et al. 2001). A tornado that forms over water is called a waterspout. 
Tornado events have been recorded on all of the continents except Antarctica. Tornadoes occur 
on both hemispheres between the latitudes of 20o and 60o, most often over the USA (Goliger and 
Milford 1998). The USA has about 1,200 tornadoes occur each year. The most tornado prone 
region is the Midwest, with an occurrence rate of about 5x10-4/yr./km2 (Goliger and Milford 
1998). While the USA has the highest rate of occurrence, the USA does not have the highest 
incidence of tornado fatalities. Tornadoes can occur on any day of the year and at any time of 
day. In Canada more than 600 were recognized during the thirty year period from 1950 to 1979 
(Newark 1984). Tornadoes have been reported in Argentina and the neighboring countries of 
Brazil, Chile and Uruguay. The occurrence of Argentinean tornadoes has been investigated and a 
probable number of ten events per year was suggested (De Schwrzkopf, Rosso, & Sorichetti 
1993). Tornadoes have been spotted in most European countries, usually in the summer. 
However, information on their occurrence is fragmented and contradictory (Goliger & Milford 
1998). Most of the fatalities caused by tornadoes are due to airborne debris (Edwards 2014). 
Tornadoes are extremely localized, but intense. The mean diameter of the typical funnel 
is approximately 100 m, the mean track only a few kilometers long. Tornadoes more than 1,000 
m wide and with tracks up to 300 km long have occurred. The maximum wind speed of a funnel 
is estimated to be over 500 km/h., really powerful funnels tend to break the instruments that 
measure them; however, most tornadoes only have wind speeds somewhat greater than 100 
km/h. The direct damage caused by the high winds and airborne debris is aggravated by the 
severe drop in air pressure, often 10% or more, that occurs at the center of a funnel. This can 
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causes windows with tight seals, for example those found in in air-conditioned buildings, to 
‘explode’ (Berz et al. 2001). 
Table 5.13: The deadliest tornado outbreaks on record 
in the world since 1900 (Burt 2011). 
Fatalities Country Date 
747 USA March 18, 1925 
330 USA March 21-22, 1932 
454 USA April 5-6, 1936 
500 Bangladesh April 4, 1964 
660 Bangladesh April 14, 1969 
681 Bangladesh April 17, 1973 
500 Bangladesh April 1, 1977 
400 Russia June 9, 1984 
1,300 Bangladesh April 26, 1989 
700 Bangladesh May 13, 1996 
 
 
Figure 5.21: Tornadoes expected to occur in a four year period around the world  





Figure 5.22: Tornado occurrences by year in the USA from 1950 to 2004. The 2004 increase has 
been partially attributed to improved detection methods (NOAA/NWS 2011). 
 
Tornadoes are rated by the Enhanced Fujita Scale, this scale rates the damage caused by a 
tornado strike and takes into account variables such as building type and the size of trees. 
Table 5.14: The Fujita Tornado Damage Scale, replaced by the Enhanced F-scale (Edwards 2014). 
Scale Wind Estimate 
(km/h) 
Damage Typical Damage 
F0 <117 Light Some damage to chimneys; branches broken off trees; shallow-rooted 
trees pushed over; sign boards damaged. 
F1 117-181 Moderate Peels surface off roofs; mobile homes pushed off foundations or 
overturned; moving autos blown off roads. 
F2 182-253 Considerable Roofs torn off frame houses; mobile homes demolished; boxcars 
overturned; large trees snapped or uprooted; light-object missiles 
generated; cars lifted off ground. 
F3 254-332 Severe Roofs and some walls torn off well-constructed houses; trains overturned; 
most trees in forest uprooted; heavy cars lifted off the ground and thrown. 
F4 333-419 Devastating Well-constructed houses leveled; structures with weak foundations blown 
away some distance; cars thrown and large missiles generated. 
F5 420-512 Incredible Strong frame houses leveled off foundations and swept away; 
automobile-sized missiles fly through the air in excess of 100 meters; 





Figure 5.23: Average Annual Number of tornadoes per 10,000 square miles per state, 2001-
2010, modified (NOAA/NWS 2014a). 
 
Table 4.15: Materials vulnerable to damage by wind (FEMA 1996). 
Artwork in frames or under glass 
Bone and ivory, particularly thin sections or slices of these materials 
Brittle metal objects, 
Ceramics, glass (including glass photographic plates), and mirrors 
Specimens in alcohol and formaldehyde and collections housed nearby 
Furniture and wood 
Materials under tension, such as drums 
Paper and photographs, including museum archives and documentation 
 
Table 5.16: Damage caused by wind (FEMA 1996). 
Broken bone, ceramic, glass, ivory, metal, and mirror items 
Contamination of dry collections with alcohol or formaldehyde from wet specimens 
Cracked, smashed, or otherwise damaged furniture, glass plate images, herbaria, and wet specimen jars 
Missing objects that have been carried away by the winds 
Soaked or water damaged archeological or ethnographic specimens, archival materials, artwork, books, 
furniture, museum documentation, and specimens 
 
Water 
Damage caused by tropical cyclones is caused by the high winds as well as the storm 
surge. The strength and damage caused by tropical cyclones are assessed by the Saffir-Simpson 
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scale; the five categories are based on a tropical cyclone’s sustained wind speed. Storms reaching 
category three and higher are considered major storms because of their potential to cause 
significant loss of life and damage (NOAA/ NWS 2013).  
The storm surge is a combination of the tides, the surge itself, as well as the waves 
caused by the storms. These storms can create surges over 4 m, with the added effects of local 
high tide and storm created waves (NOAA/NWS 2013a). Storm surges can only occur along the 
coasts of seas and large lakes. Constant strong winds from one direction causes wind setup and 
high water, in conjunction with the astronomic tide and high seas extremely high water levels 
may occur on certain sections of coast (Berz et al. 2004). Storm surges generate a high level of 
water especially in areas where the water forced in by the wind and cannot escape due to 
obstructions. Such is the case in shallow gulf-like marginal seas, such as the Bay of Bengal or 
the North Sea, bays, such as Chesapeake, as well as in funnel shaped mouths of rivers, such as 
the Rio de la Plata, Elbe, and elongated lakes, such as Lake Baikal or the Great Lakes of North 
America. The effects of a temporary increase in sea level depends as well on the form of the 
coast. The flatter and broader a section of coast, the more noticeable the effects of a storm surge. 
A steep coast will be threatened by erosion but not by a temporary increase in sea level (Berz et 
al. 2004).  
 
Figure 5.24: The buildup of a storm surge (NOAA/ NWS 2013a). 
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Sea level is tied to the Earth’s changeable climate. The colder the planet the more water 
tied up in the polar ice caps, the various other ice packs and sheets. During these times sea level 
is low and more of the continental shelf is exposed. Warm the planet, and these ice reservoirs 
melt. During these interglacial times sea level is high.  
Since the middle of the 19th Century, the mean global temperature has increased by 
approximately 0.5o to 0.7o C. By the end of the 21st Century, the mean global temperature will 
have increased by an additional 1o to 3o C. The global distribution of warming is differentiated, 
cooling is even occurring in a few locations (Berz et al. 2001). However the current glacial ice is 
melting. Alpine glaciers are becoming scarce. The permafrost regions are withdrawing. The 
Greenland ice sheet is in retreat. Along with thermal expansion of seawater caused by the 
increased temperature of the atmosphere. And isostasy, where parts of the continents are rising 
and falling due to the addition or removal weight, such as formation or removal of mountain 
ranges, the accumulation or melting of large masses of ice, or in some cases the filling of large 
reservoirs.  
Whether or not mankind is reasonable, or what exactly will happen in the warming world, 
such as possible desertification, more powerful tropical cyclones, drought, flood, etc. This index 
will only focus on rising sea level. Currently about 10% of the Earth’s population lives on the 
world’s coasts, at less than nine meters above sea level. Two-thirds of Earth’s largest cities are 
located all, or partially in these same low coastal areas (Greenfieldboyce 2007).  
There is a low estimate, forecasted in 2007 by the Intergovernmental Panel on Climate 
Change (IPCC), of a sea level rise of 60 cm by 2100; this estimate does not include rapid melt 
from the Greenland or the Antarctic ice sheets into the sea. Greenland and the Antarctic hold 
enough water to raise sea level by 65 m, compared to the 0.4 m from the world’s alpine glaciers.  
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Another report by the IPCC in 2013 raised the estimate of sea level rise to 28 to 98 cm by 2100; 
this later one partially takes into account the Greenland and Antarctic ice sheets (Jones 2013).  
Local areas may experience accelerated rates of sea level rise, in areas like deltas where the 
compaction of sediment causes the seas to encroach. Other areas are still rebounding from the 
weight of the ice from the last ice age, or falling because of the seesaw effect of the other 
regions. Sea level is a complex phenomenon, dependent on heat and gravity, and the coming 
years will not get much simpler.  
 
Figure 4.25: Sea level trends for North America. The rising arrows represent encroaching 
6waters. The falling arrows represent retreating seas, possibly due to isotactic rebound from the 





Table 5.17: Materials vulnerable to water damage (FEMA 1996). 
Archival materials, such as architectural drawings, plans, and blueprints; coated paper books and documents; parchment 
and vellum documents; documents on heavily sized paper; documents with water soluble media, such as some ballpoint 
or fiber tip pen ink or friable media such as charcoal or graphite; and historic photographs and film, including nitrate 
Artworks, such as chalk, charcoal, collages, Conté Crayon, gouache, montages, paintings (paintings on canvas or 
panels), polychrome sculpture, and watercolors  
Bone and ivory, which are hygroscopic- particularly thin sections, which warp easily 
Basket and other fibrous materials with applied paint or decoration or repairs 
Furniture/wood with applied gilt, fine veneer, inlays, lacquer, or attached ironwork 
Furs, leather, and skin-particularly under tension (such as drums) or with applied paint–including parchment and vellum 
and other alum-tawed leathers 
Glass and ceramics with mends or those are heavily adulterated with non-silica materials 
Metal objects made of bronze, brass, copper, iron, and steel 
Natural history specimens, particularly extinct or endangered species or type specimens, water sensitive geological 
specimens (particularly shale), and paleontological specimens 
Previously moldy items 
Textiles, particularly thinly woven materials 
Unfired clay 
 
Table 5.18: Damage caused by water (FEMA 1996). 
Adhesion of art, book, paper, and photographic items to other objects of organic materials 
Bleeding of color from one object to another 
Corrosion and rusting of metals 
Erosion of stone or masonry 
Finish loss on art works, photographs, textiles, and wood 
Lifting of veneers on furniture 
Loss or damage to museum records, park records, and museum archives and manuscript collections 
Loss of dimensional stability of paper, textiles, and wood 
Mineral deposits on ceramics, metal, meteorites, minerals, and stone 
Molding and rotting of animal and botanical specimens, books, furniture, paper, parchment, 
photographs, textiles, and vellum 
Pigment and dye loss on artworks, books, paper, photographs, textiles 
Ripping or splitting of animal skins, paper, photographs, and fragile textiles 
Separation of emulsion layers on photographs 
Splitting of skins and of leather on bound volumes 
Staining and deposition of contaminants on bone, ivory, paper, shell, and textiles 
Structural integrity loss for paper, plaster objects, and textiles 
Swelling and pressure damage that cracks or destroys nearby objects 
Warpage of board, paper, thin sections, and wood 
Weakening of fibers in paper, textiles, and some wood 
 
Ice 
Extra-tropical storms are created in the transition region between subtropical and polar 
climatic zones, latitudes between about 35o and 70o. In these regions, cold polar air masses 
collide with tropical air masses, forming extensive low-pressure eddies. The intensity of the 
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storm is proportional to the temperature difference between the air masses. This difference is at 
its greatest during the late autumn and winter, as the oceans are still warm but the polar air is 
already very cold. Extra-tropical storms are also referred to as winter storms. The maximum 
wind speed of these storms is approximately 140 to 200 km/h., they may reach 250 km/h. The 
storms may cover up to 2,000 km (Berz et al. 2001).  
Blizzards and ice storms are variations of this type of storm and their damage potential 
can be extensive. Blizzards, ice storms and other severe winter weather cause the precipitation of 
frozen or freezing water over large areas, causing hazardous driving conditions, power failures 
and blackouts, along with possible structural damage.  
 
Figures 5.26: Roof collapse of the Hubert H. Humphrey Metrodome in Minneapolis MN, USA 





Figures 5.27: Downed power lines and trees caused by an ice storm (Daily Mail 2013). 
 
Other hazards associated with the atmosphere include thunderstorms, hail, and lightning. 
At any one time, about 1,500 thunderstorms are taking place all over the world with hardly any 
region being unaffected, lightning strikes are the main cause of natural wildfires, which can 
destroy forests and buildings (Berz et al. 2004). Severe weather causes about 75% of the yearly 
fatalities and damages caused by natural disasters, these events include lightning, floods, 
tornadoes, and hurricanes. On top of that the power grid is continually being damaged by 
lightning-induced over-voltage, resulting interruptions to service. The probability of a home 
being struck by lightning is about 1 in 200 per year, or 1 in 8 for a 30-year mortgage (Bell 2007). 
Lightning is caused by the charge imbalance within the clouds of thunderstorms. An 
abundance of positive charges at the top of a cloud and an excess of negative charges develops at 
the base of the cloud; this excess of negative charge in the base of the cloud induces a buildup of 
positive charges on the ground. And due to the whole opposites attract thing, lightning is produce 
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to alleviate this imbalance. lightning moves at speeds of over 2.683 km/s, it typically includes 
several strokes, occurs within half a second and can move from cloud to earth, earth to cloud, or 
cloud to cloud. Thunderstorms also produce hail, strong winds and rain (Dinwiddie, Lamb & 
Reynolds 2011).  
Hailstones are semispherical, layered, ice balls produced by some thunderstorms. 
Hailstorms can cause extensive damage to agriculture, buildings and vehicles. If extreme 
hailstorms occur over large cities, the economic and insured damage can run into the billions. 
Heavy hailstorms are usually triggered by broad cold fronts. Occasionally, local hot weather 
thunderstorms produce, as a result of intense insolation over land or mountain slopes, localized 
and severe hailstorms. An important precondition for hailstorms is strong instability. This gives 
rising air at ground level a strong uplift and results in an even higher upwind zone within 
powerful cloud formations, such as anvil-head cumulonimbus. Hail particles are suspended in the 
upper sections of the cloud and the hail grows in layers as the winds continually carry them up. 
When the weight of the hail becomes too great or the wind weakens, the hail falls from the cloud. 
Isolated, heavy hail fronts, which accompany large thunderstorm systems, may be over 10 km 
wide and several hundreds of kilometers long. They can often bring heavy rain, lightning strikes 
and stormy gusts with them, which can increase the extent of the damage from the windblown 
hail (Berz et al. 2004).  
Besides tornadoes, thunderstorms can cause damage with straight-line winds. Straight-
line winds can produce gusts of 97 km/h for 10 to 15 s from a single storm. An organized line of 




Figure 5.28: Lightning flashes per square kilometer per year (Voiland 2013). 
 
 






Terrestrial hazards- those hazards with their origin in the processes of the Earth’s surface 
Flood 
 No other force of nature occurs as repeatedly worldwide and is the cause of so much 
damage as the flood, in all its various forms. In some regions, floods occur regularly, in others 
rarely, but unexpectedly. Floods are not only limited to areas alongside rivers but they may also 
effect areas further afield (Berz et al. 2004).  
Floods can occur due to runoff caused by increased rainfall. Floods in small drainage 
basins can be caused by brief, localized downpours, creating fast moving, short-lived floods. 
Floods in large drainage basins, like that of the Mississippi river, result from widespread rainfall 
lasting for many weeks, creating floods that also last for many weeks. The largest flood known in 
an area is likely to be matched or exceeded eventually by an even larger flood. Even regions with 
decent records of their flood history can be impacted by surprises. Unfortunately the new world, 
especially the USA, unlike the old does not have lengthy historical records to help guide 
development. Riverine floods can be trigged by hurricanes and tropical storms coming onshore 
and dumping large quantities of rain.  
An example of a recent flood that threatened a historic city occurred late in the summer 
of 2002, after heavy and constant rainfall caused the worst flood in Prague in 500 years (Ray 
2006). A series of dams to the north, built to protect the city from floods, prevented the Vltava 
River from dispersing and focused the waters toward Prague. Normally the Vltava flows at a rate 
of 300 m3/s though the city. At the flood’s height on August 14, 2002 some 5,000 to 6,000 m3/s 
overflowed the Vltava’s banks (Ray 2006). Historic sections of the city were flooded, along with 
other sections of the city along the Vltava and near the meeting of the Vltava and Berounka 
Rivers. The waters damaged the 660 year old Gothic Charles Bridge, synagogues of the Jewish 
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quarter, the National Theatre and inundated Kampa Island. Several animals at the National Zoo 
had to be put down, and seventeen metro stations were flooded, causing all lines to be closed. A 
quarter of a million people had to be evacuated nationwide. Throughout the whole of the Czech 
Republic more than forty libraries were flooded, including fourteen major research libraries; 
more than 800,000 books were destroyed. Damages were estimated at $11 million for the 
National Library and up to $1.5 million for the Municipal Library of Prague (Ray 2006). 
Flood prevention methods include the building of dams and levees. These projects can 
protect the land adjacent to and downstream of them, until one fails. In 1981 the US Army Corps 
of Engineers studied 8,639 dams and judged that 2,884 of them were unsafe (Abbott 2004). A 
study by Criss and Shock (2001) showed that peak floodwater heights in the last 150 years have 
increased two to four meters for the same water volume in the upper Mississippi River sections 
with levees and engineered channels. The same study shows no increase in flood heights per 
water volume on the mostly non-engineered upper Missouri River. 
Table 5.20: Flood related presidential disaster declarations from the 




(average per year) 
Flood damages (average per 
year in millions of 1995 dollars) 
Johnson 1965-68 11.8 1,681 
Nixon 1969-74 27.2 4,469 
Ford 1975-76 26 5,370 
Carter 1977-80 20 3,478 
Regan 1981-88 14.5 3,440 
Bush 1986-92 22.3 1,469 
Clinton 1993-97 32.3 7,553 
 
Fire 
Fire is the rapid reaction of oxygen with carbon and hydrogen that produces heat and 
light, or the photosynthesis reaction run in reverse. In many environments fire is necessary to 
recycle nutrients and regenerate plant communities. These environments include: grasslands, 
Mediterranean type shrub lands, seasonal tropical forest, and some temperate forests. In the 
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Mediterranean climate, one such as California or Australia, the winters are too cold and wet, the 
summers too dry and warm for the products of photosynthesis to rot. In these areas fire is 
necessary for the health of the local plant communities, with fire playing a role in the 
germination of seeds, parasite control and influencing insect behavior. Fire can be started by 
lightning or by various human activities. Like flood, fire is closely related to weather, plant cover 
and topography.  
Of the many disasters that can strike a location, a fire is among the most destructive. For 
example in Canada, there were at least 27 museum fires between 1970 and 1990 (Spafford-Ricci 
and Graham 2000), the fire at the Royal Saskatchewan Museum (RSM) was one of the most 
severe (Baril 1990). The fire occurred on February 16, 1990, in a partially renovated gallery, 
lending support to an adage in conservation that fires occur most often during construction. The 
fire at the RSM was exceptional in the widespread soot damage it produced. The only portions of 
the building resistant to the penetration of soot were the walk-in freezer and fully sealed units 
such as display cases with windowed fronts sealed with gaskets. Costs of the fire came to C$2 
million, and an additional C$4 million were needed for development of a new Life Sciences 
Gallery, the old being unrecoverable after the soot damage. The museum was completely closed 
for four months. Gallery development was pushed nine years behind schedule (Spafford-Ricci 
and Graham 2000). 
In the Russian Library of the Academy of Sciences (BAN) fire, 180,000 volumes out of 
the original collection of approximately 510,000. The items damaged were from the 17th to the 
19th centuries. About 6,000 volumes were wholly destroyed. Some of those damaged were 
60,000 volumes from the 17th century, many of which were unique as they contained scholarly 
marginalia (Waters 1995).  
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Table 5.21: Materials vulnerable to fire (FEMA 1996). 
Botanical collections 
Black powder weaponry and similar weapons and ordnance 
Nitrate (nitrate) film, including negatives, motion picture film, and X-rays (Note: 
These are particularly dangerous if the nitrate exists in quantities greater than 16kg.) 
Paper-based materials, including artwork, documents, and museum documentation 
Plastics, particularly those with antioxidants, dyes, toxic fire retardants, and other 
additives (dioxin, lead, and antimony), for example, vinyl chloride plastics 
Specimens in alcohol and formaldehyde 
Textiles 
Vehicles, motors, and equipment containing oil and gasoline 
Wooden objects, particularly older wooden furniture 
 
Table 5.22: Damage caused by fire (FEMA 1996). 
Consumption and loss of materials, particularly organic materials 
Embrittlement of most organic materials 
Explosions due to nitrate fires, leading to structural collapse and collection loss 
Heat and smoke from fire causing accelerated aging of materials not consumed by the fire 
Loss or damage of museum records, park records, and archives and manuscript collections 
Melting 
Mold, insect, and vermin outbreaks in the water damaged materials following fire fighting 
Oxidation of metals 
Fading, scorching, charring, staining, or accelerated aging of wood, paper, and textiles 
Subsidiary water damage due to fire suppression 
 
Mass-wasting 
Mass movements, or slope failure, occur when large volumes of material move 
downslope under the pull of gravity. They can be triggered by events such as earthquakes, 
volcanic eruption, major rainstorms, loud noises and people watering their lawns. The slowest 
and most widespread form of slope failure is creep. Creep can act on telephone poles and fences, 
causing them to lean downslope. While creep is pervasive, it is the faster moving verities of mass 
movements that caused the most fatalities and damages. External processes that increase the odds 
of a slope failure include: steepening the slope, removing support from the base of a slope, or 
adding mass to the top of a slope. Internal causes include: inherently weak materials (such as 
clay), the presence of water, decreasing cohesion, and adverse geologic structures (faults and 
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stuff).  Events classified as mass movements include: falls, slides, flows, avalanches, and 
subsidence (i.e. sudden sinkholes).  
 
Figure 5.30: A boulder rolled through an Italian farmhouse, stopping behind a bolder from a 
previous event (BBC 2014).  
 
 
Figure 5.31: Three boulders: the first stopped just shy of the house, the second demolished an 






Table 5.23: Fatalities caused by 
notable mass movements from 1903 to 
1998 (Abbott 2004). 
Year Country Fatalities 
1903 Canada 70 
1920 China 200,000 
1936 Norway 73 
1938 Japan 505 
1945 Japan 1,154 
1958 Japan 1,094 
1956 Montana USA 28 
1962 Peru 4,000 
1963 Italy 3,000 
1964 Alaska 114 
1966 Wales 144 
1966-7 Brazil 2,700 
1969 Virginia USA 150 
1970 Peru 70,000 
1971 Quebec 31 
1985 Puerto Rico 129 
1998 Italy 180 
1999 Venezuela 10,000 





Chapter Six: The Index 
 
“Chaos is found in greatest abundance wherever order is being 
sought. It always defeats order, because it is better organized.” 
-T. Pratchett, Interesting Times  
 
6.1 KIRIN- Kirk Risk Index for Geologic, Human, Atmospheric and Terrestrial 
(GHAT) hazards 
 
Geologic- earthquake, volcanism, tsunami & other related movements of the Earth’s surface 
Human- war, strife, vandalism, theft, accident, neglect & other actives related to the human 
element  
Atmospheric- wind, water, snow & other severe atmospheric events  
Terrestrial- flood, fire, mass-wasting & other sundry processes of the Earth’s surface 
Materials considered for this index are those that are valuable for their information 
content and those valuable as artifacts (i.e. art, architecture, archive & artifact). This index refers 
to their storage locations (i.e. archives, museums, libraries, landmarks, etc.) both private and 
public.  
Hazard events with a return interval greater than 1,000 years shall not be considered for 
this index.  All hazard events with a return interval less than 1,000 years shall be considered for 
this index.  When assessing the risk for a given location factor for the worst possible event for 
the location’s hazards (i.e. the volcano will erupt, the levee will break, the tornado will hit, etc.) 
consider the historic events for the location, remember that historic events will likely be met or 
be exceeded by future events.  It only takes once for a collection to be damaged. 
Geologic 
 Earthquake: substrate, fault proximity 




 Volcano: proximity to active (frequency and past magnitude) 
 Other: 
Human 
 Neglect: inaction (non-preventive) human involvement with collection 
 Accident: non-intentional (9 Mile Island): proximity to source 
 Vandalism: intentional, Function of accessibility, security, protections 
 War/strife: location in relationship to nearest region of strife 
 Theft: ease of access, security, protections and contents (size and composition) 
 Other: 
Atmospheric 
 Wind: magnitude, direction, fetch, architecture 
 Water: drainage, bathymetry, gradient, elevation 
 Ice: magnitude, frequency, temperature, architecture 
 Other: (lighting) 
Terrestrial 
 Flood: topography, base level, proximity, architecture 
 Fire: topography, aridity, plant cover, architecture 
 Mass-wasting: topography, substrate, base level,  
 Other: (haboob) 
The Index 
 It is important to note that the first column is the question. The following columns are the 
possible answers. To use this index for a location highlight/circle/check the cell that best 




answers are worth no points.  If a hazard is not described within the index, it can be filed under 
the heading of ‘Other,’ with points awarded as one sees fit.  If a hazard type does not describe 
your facility, for example if the nearest coast is a 1,000 km away, it is not necessity to complete 
the questionnaire for tsunami. After all questions have been answered, total the points for each 
hazard type (earthquake, flooding, vandalism, etc.) then add all the totals from the hazard types 
to calculate the GHAT for a facility or collection.  The greater the value the greater the risk for a 
facility or collection.  The lower the value the less the risk for a facility or collection. The index 
follows.  
 The index utilizes a cumulative calculation rather than a weighted algebraic calculation 
because it was created for its simplistic use by museum professionals.  A weighted calculation 
could influence the total value more than others, while with a cumulative calculation all 
questions are equally weighted.  The cumulative calculation was created to keep the index simple 




 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Other      















 Y/N 10 – 8 7 – 5 4 – 2 1 
Location, Coastal Y/N ● ● ● ● 
Bathymetry ● <10o 10 – 40o 40 – 80o 80 – 90o 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Collection ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Collection ● Paper/ canvas Wood Metal Stone 
Other       
Total       
 
Volcano: 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel 
(lahar) 
Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Other       





 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Other      
Total      
 
Accident: 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Other       






  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Other       
Total      
 
Warfare: 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Other      
Total      
 
Theft: 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Other       





 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Other      




Figure 6.1: Tropical cyclone regions, based on (Nilfanion 2006) modified (Schmuck 2014)
 
 
Figure 6.2: Tornado regions, based on (Goliger and Milford 1998) modified (Schmuck 2014) 












 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Other       
Total       
 
Ice: 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Other       





 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Other      







 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Other       
Total      
 
Mass-wasting: 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Other      
Total      
 
Other: 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Haboob      
      
      
      
Total       
 
Examples of completed indexes can be found in the appendixes D-O. 
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Chapter Seven: Results and Discussion 
7.1 Localities 
The museums chosen for this research were facilities known for their notable quality of 
their collection and accessions.  These sites included the Acropolis Museum (Athens Greece), 
the Getty Center and the Getty Villa (Los Angeles, USA), the Louvre (Paris, Italy), Naples 
National Archaeological Museum (Naples, Italy), the National Archaeology Museum of Athens, 
the Smithsonian Institution (Washington DC, USA), and the Uffizi Gallery (Florence, Italy).  
The other museums were chosen for their location in, or proximity to hazardous areas.  Crystal 
Bridges Museum of American Art in Bentonville, Arkansas, for example, was chosen for its 
location in Tornado Alley, and its proximity to the New Madid Seismic Zone in the central USA.  
Similarly, Dallas Museum of Art and its proximity to the USA’s Tornado Alley.  The Israel 
Museum location near the 1949 Armistice Agreement Line with Palestine, is also located along 
the Wadi Araba Fault Zone - one of the more active of the tectonic areas in the Middle East.  The 
Pérez Art Museum in Miami, Florida was chosen for its sited along the Atlantic and Gulf Coasts 
and the seasonal hurricanes.  
The primary museums were chosen for their collections and secondarily, investigated for 
the hazard proximity.  For the second group of museums, proximity was considered the primary 
factor, while the collection was not considered.  While Florence's Uffizi Gallery is world 
renowned, it was also considered due to the 1966 catastrophic flood of Arno River, a well-
documented event.  Art and artifact collections were considered due to the wide verity of 





Table 7.1: List of type localities and their geographic locations. 
Name Country Latitude Longitude Possible type locality 
Acropolis Museum GRC 37°58'6.29"N 23°43'42.65"E Earthquake 
(CBMAA) Crystal Bridges 
Museum of American Art 
USA 36°22'54.78"N 94°12'11.44"W Vandalism 
(DMA) Dallas Museum of Art USA 32°47'15.80"N 96°48'2.90"W Tornado  
Getty Center USA 34°4'38.51"N 118°28'29.66"W Wildfire 
Getty Villa USA 34°2'44.07"N 118°33'53.89"W Tsunami 
Israel Museum ISR 31°46'25.70"N 35°12'15.02"E War  
Louvre FRA 48°51'37.40"N 2°20'10.93"E River flooding 
(NNAM) Naples National 
Archaeological Museum 
ITA 40°51'12.27"N 14°15'2.18"E Volcano 
(NAMA) National Archaeology 
Museum of Athens  
GRC 7°59'20.48"N 23°43'57.94"E Civil Disturbance 
Pérez Art Museum USA 25°47'9.85"N 80°11'11.25"W Hurricane 
Smithsonian Institution USA 38°53'14.83"N 77°1'33.44"W Sea level rise 
Uffizi Gallery ITA 43°46'3.53"N 11°15'19.22"E Type locality 
 
 
Figure 7.1: The relative locations of the Louvre, Uffizi, NNAM, the Acropolis, the NAMA and 





Figure 7.2: The relative locations of the Getty, the Getty Villa, DMA, Crystal Bridges, Pérez, 
and the Smithsonian (Google Earth 2014) 
 
7.2 Data Analysis 
Table 7.2: The GHAT for the Acropolis, Crystal Bridges Museum of American Art, the Dallas Museum of Art, the Getty 
Center, the Getty Villa, the Israel Museum, the Louvre, the Naples National Archaeological Museum, the National 
Archaeological Museum of Athens, the Pérez Art Museum, the Smithsonian, and the Uffizi Gallery 
 Acropolis CBMAA DMA Getty Getty Villa Israel Louvre NNAM NAMA Pérez  Smithsonian  Uffizi  
Earthquake 14 14 18 16 25 20 15 23 22 16 26 21 
Tsunami 18 - - 24 22 - - - - 49 - 13 
Volcano 12 13 12 20 14 - - 26 18 - - 24 
Neglect 7 5 7 7 9 5 5 9 5 4 18 8 
Accident 10 13 17 12 13 16 13 13 13 9 18 4 
Vandalism 13 30 30 21 19 23 30 22 22 16 26 21 
Warfare 16 12 11 11 12 22 14 13 13 10 14 16 
Theft 25 29 31 22 23 22 27 22 22 20 28 26 
Wind 12 25 22 27 17 23 21 14 10 35 19 12 
Water 18 - - 28 24 - - - - 47 47 29 
Ice 5 28 15 15 12 14 13 11 10 15 18 12 
Flood 15 41 43 27 26 15 54 22 18 48 57 47 
Fire 21 31 18 52 40 48 15 20 17 19 6 20 
Mass-wasting 13 15 11 18 19 18 11 7 6 21 17 12 


























































7.2 GHAT Baselines for Comparison 
 For comparison purposes the following are three theoretical locations with catastrophic, 
moderate, and low GHAT scores.   
Table 7.3: Total GHAT for three theoretical 
catastrophic, moderate, and low locations 
 Catastrophic Moderate Low 
Earthquake 31 19 13 
Tsunami 49   
Volcano 42 22 24 
Neglect 22 8 4 
Accident 45 15 6 
Vandalism 45 21 11 
Warfare 15 12 12 
Theft 51 27 18 
Wind 46 15 16 
Water 56 12 33 
Ice 12 37 26 
Flood 79 16 39 
Fire 15 31 24 
Mass-wasting 18 16 8 
Total 526 251 234 
 
 
Figure 7.5: The total GHAT for the three 
theorectial locations 
 
 The theoretical CATSTROPHIC location describes a building built on a river delta, at a 
coast, and in a region of tectonic complexity.  The building is old, built of brick and stone, and 
directly archives its collections.  The archive materials are small, lightweight, controversial in the 
current political climate, and are kept in the open.  The collection is sporadically maintained, 
with an over-worked staff.  The region is political unstable.  The location is downstream from an 
active volcano and there are numerous faults in the area. The location is also within a seasonal 
cyclone belt.  A river delta on a volcanic island in the Gulf of Mexico would be a similar 
location. A breakdown of the GHAT for this theoretical location can be found in Appendix P.  
 The theoretical MODERATE location describes a building built in mountainous terrain, 






















built of brick and glass with a steel frame, and its collection is primarily statuary.  The items in 
the collection are large, heavy, and are cordoned with ropes and partitions.  The region is 
politically stable and the staff are well-paid, and not overworked. While there are active volcanos 
in the region, the location is not downstream or downwind from one.  The region is dry, 
mountainous and prone to periodic wildfires. There is the potential for a large quantity of 
snowfall in the winter season.  A site within the Sierra Nevada in the USA would be a similar 
location. A breakdown of the GHAT for this theoretical location can be found in Appendix Q. 
 The theoretical LOW location describes a building built in the relatively stable center of a 
continent, far from the coast and local rivers.  The building is modern, built of brick and glass 
with a steel frame, and its collection is primarily composed of paintings. The items in the 
collection are kept behind ropes, partitions, and glass.  The region is politically stable and the 
staff are well paid and not overworked.  The nearest active volcanic and fault region is more than 
a 1,000 km away. There is some potential for a moderate amount of snowfall in the winter 
season.  A site central Arkansas USA would be a similar location.  A breakdown of the GHAT 
for this theoretical location can be found in Appendix R.  
 These three theoretical locations can be used to compare to the actual locations, however 
they are meant to reflect an actual location. They are only meant to show what a possible 
catastrophic, moderate, and low GHAT index total would look like.  As shown by these three 
locations, the collection’s composition, storage, staff, and geographic location all influence the 
GHAT for each location.  The building's construction, such as wood being flammable, masonry 
being easily damaged by seismic movements, glass being easily damaged by windblown objects, 
etc. all influence the integrity of the building (Siegesmund & Snethlage 2011).  Old buildings, 
often consisting of wood, stone, and brick, being built before the greater understanding of the 
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structural hazards of a place are assumed to have a greater risk than those of more modern 
construction. This may or may not be the case; a low masonry building may fare better than a tall 
glass and steel building in a tropical cyclone’s wind.  A building’s proximity to a hazard 
influences their risk.  However a location that is near a continual risk source may have 
remediation efforts in place, such as those in California USA or Athens, Greece.  Whereas those 
that are more distant may not factor such efforts into their plans and may have a greater risk from 
those events that are less frequent but greater in magnitude.  Therefor the GHAT may be used to 
identify possible sources of risk for a facility or institution in the hope that this will help with 
pre-event remediation efforts. 
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Chapter Eight: Conclusions and Recommendations 
After this report’s examination of the twelve locations in the United States as well as in 
Europe, a risk index for museums (and the collections stored) was developed. It was created in 
the hope that this will help identify locations at risk before the possible coming disaster strikes. 
After an examination of the Acropolis Museum, Crystal Bridges Museum of American 
Art, Dallas Museum of Art, the Getty Center, the Getty Villa, the Israel Museum, the Louvre, 
Naples National Archaeological Museum, National Archaeology Museum of Athens, the Pérez 
Art Museum, the Smithsonian Institution, and the Uffizi Gallery. Under the assumption that a 
diverse selection of environments, buildings, and collections will be a broad cross-section of 
museums types and the creation of the GHAT index.  It was discovered that, while it is possible 
to assess the risk for a give site, there is some variation between sites of a similar nature and 
some similarities between sites that are not.  It was difficult to answer some questions about the 
facilities without having a great familiarity with the locations.   
 Several locations that were expected to have an increased risk level due to their proximity 
to a local hazard had less than locations that were constructed in less likely localities.  These less 
intuitive locations were areas were the substrate, the plant cover or some other factor could be a 
major impact during an event.  
Findings 
This report’s creation of an index for fourteen atmospheric, human, geologic, and 
terrestrial hazards was successful. The examination of twelve locations international locations for 
the implementation of this GHAT index was also successful.  
The GHAT was greatest for Pérez, the Getty Center, Smithsonian, and the Getty Villa.  
All were located either on coasts or other water bodies, such as rivers, although other hazards 
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played a role.  Human hazards appeared to be among the lowest risk for the majority of the 
locations, this may be due to assumptions on the stringency of security at these locations.  
Geologic hazards were low for the majority of the location, this may be due to the cutoff distance 
within the questionnaire. This hazard may be greater in actuality, rather than what is reflected in 
this index as it is.  As it is there is a greater burden on substrata than on proximity for the 
earthquake hazard.   
The localities with the lowest total GHAT were: Athens, Acropolis, DMA, Israel, Naples, 
and the Louvre.  The first three were not located on a river, which can be the cause of the 
greatest percentage of hazard caused by water.  Naples was coastal and near a historical active 
volcano, and as a result it had the greatest level of volcano hazard.  Naples proximity to the coast 
was beyond the reach of all but the most cataclysmic of tsunami and beyond the high water 
marks calculated for the increase in sea level.  Therefor NNAM was among the lowest of the 
total GHAT scores. The Louvre borders the Seine River and for this reason had one of the 
highest risks of flood.  However the Louvre is located in central France, far from any coast, 
active earthquake or volcanic regions, and active war zones. For these reasons the Louvre has a 
low total GHAT while having one of the highest flood risks.  The Acropolis and NAMA are both 
located similarly, distant from the coast, in a complex tectonic terrain, they have slightly 
different GHAT results due to age of their buildings and composition of their collections. While 
DMA did have an elevated wind risk, it was by no means the worst.  It did have an elevated risk 
of flood, due to its contents and relatively minor topographic profile. Israel did have the greatest 




The localities with the highest total GHAT were: CBMAA, Getty, Getty Villa, Pérez, 
Smithsonian, and the Uffizi.  CBMAA was located in the interior of the USA and therefor had 
moderate exposures to multiple hazards, including: ice, wind, flood, and fire.  The Getty and the 
Getty Villa were located in close proximity to the active earthquake region of the San Andres 
Fault, to the Pacific Coast, on or near hill slopes, surrounded by scrub.  There for they had 
elevated levels of risk in multiple categories.  Pérez was located on the southern tip of the Florida 
peninsula at a low elevation.  Therefor it had elevated levels of risk in the categories of tsunami, 
wind, water, and flood with led to having the greatest calculated GHAT.  The Smithsonian was 
located near a river and tidal basin at low elevation.  Therefore it had elevated levels of risk in 
the categories of Water and Flood.  However it’s distant to the Atlantic Coast, therefor it has low 
levels of risk from wind, and no risk from tsunami. The Smithsonian dose have elevated levels of 
risk from theft and vandalism, due to the museum’s contents of a symbolic nature, and 
earthquake, due to its construction on alluvium and proximity to the Charleston Seismic Zone. 
The Uffizi had high levels of risk due to its location on the Arno River.  It had moderate levels of 
risk due to its location within the complex tectonic terrain of the Italian peninsula.   
Recommendations 
 Examine and analyze libraries in order to reduce the variably of the collections contained 
within the facilities. The locations within this report were for primarily either art or artifact 
conservation.  The GHAT may vary for locations that are primarily for the conservation of 
archive materials.   
 
 To travel to the facilities mentioned in this report, so that hazards and risks not apparent from 
the cursory investigation may become apparent. During the investigation some material and 
information was difficult to obtain about the locations, this information may be easier to 
obtain at the site.  A familiarity with the location would not be remiss either. 
 
 To investigate more diverse facilities in other locations, regions, political situations etc. in 
order to both refine and check the index. 
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 To contact the facilities in under investigation in order to obtain accurate information on the 
state of the collections and buildings.  If travel to a location is not possible, having contact 
with someone familiar with the location and facilities would likely ease the process.   
 
 To monitor future hazards and their effects on their collection to better refine the GHAT 
index for each site.  This will assist in creating a better model for all museums locations and 
collections.  
 
After this examination of the twelve locations in the United States as well as in Europe, 
the creation of a risk index for art, architecture, archive and artifact protection the GHAT was 
created. No index of this kind had been created or calculated before. With its revolutionary 
scope, radical view and new attempt to summarize the entirety of the Earth’s hazards, there is 
still further refining needed. In the hope that this will help identify locations at risk before the 
possible coming disaster strikes. This index should be taken with a grain of salt.  The GHAT for 
each location was calculated quickly with a cursory overview of the location, and without a 
familiarity with either the locations, facilities, or collections.  Further study is needed to refine 
the questions and the processes. This innovative index, while possibly groundbreaking, may be 
simply a first step in the right direction. No location had the highest GHAT possible, likewise no 
location had the lowest GHAT possible.  A few locations had hazards unique to that place, while 
others shared possible hazards.  There is risk involved with any location.  These risks should be 
identified and mitigated against before the coming disaster strikes.  The other option, is to wait 
until after the worst case scenario occurs and assess that it may be cheaper in the short term but it 
has the possibility of being expensive both, monetarily and culturally, in the long term.  Overall, 
this research however took that vital first step in proposing a much needed assessment of 
museum collection.  In various terrestrial setting in the hope of decreasing risk through pre-event 
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A.2: Nuns and a student volunteer clean out a religious articles shop  





















A.7: A plaque in the Via dei Neri for a 1333 inundation at 13 feet 10 inches. The high water 





















A.12: Baccio Bandinelli’s white marble Pietà in the crypt of Santa Croce covered in sludge after 
the flood (National Geographic 1967) 
 
 
A.13: An antique dealer of the Pizza Mentana, drying his stock in the sun  












A.16: A student volunteer carrying a book from the National Library  




A.17: The National Library, main lobby after the flood, sawdust covers the floor  








A.19: The director to the Vatican Restoration Institute in Rome, Dom Mario Pinzutti, examines 




A.20: Dr. Maria Luisa Righini Bonelli, director of the Institute and Museum of the History of 
Science, with an Arabian celestial globe and a Galileo telescope lens, framed in ivory.  Objects 




A.21: the square in front of the Church of Santa Croce, after the flood  




A.22: Students remove paintings from the Uffizi for drying (National Geographic 1967) 
 
 
A.23: Wooden statue of Mary Magdalene, by Donatello, soaked to the waist by the flood, being 





A.24: Recreation of the scholar and custodians working to rescue paintings on the ground floor 









A.26: Dr. Becherucci and damaged paintings in the second floor gallery of the Uffizi  




A.27: Artwork covered with mulberry paper to prevent paint from flaking, being sprayed with 




A.28: Doors of Paradise five panels wore torn loose by the flood, the gate stopped them from 








A.30: The panel depicting Cain and Able, the missing head of the plowman was later found in 








A.32: Uffizi restorer Alfio del Serra works on the face of St. John the Baptist in the Museum of 




A.33: Flood damaged musical instruments in the Bardini Museum being examined by Director 






























B.3: The rising waters, level with the Lungarno della Zecca Vecchia (Nencini 1966) 
 
 









































B.13: Piazza Beccaria during the flood (Nencini 1966) 
 
 









































B.23: The Ponte Vespucci, covered with wreckage (Nencini 1966) 
 
 


















































































































B.50: The wooden models of the Cathedral dome, damaged by the flood, in the Museo 


























































B.63: A makeshift pharmacy (Nencini 1966) 
 
 










B.66: An attempt to restore a 14th century painting (Nencini 1966) 
 
 



















B.71: Books of the Biblioteca Nazionale covered in mud (Nencini 1966) 
 
 









































Photography from G. Batini’s 4 November, 1966: the River Arno in the museums of Florence: 
galleries – monuments – churches – libraries – archives- and masterpieces damaged by the flood 

















































































































Figure C.27: Luigi Gui, Minister of Education, being showed around the Uffizi Gallery on the 
opening night two months after the flood by Keeper Dr. Luisa Becherucci, the Superintendent 





Figure C.28: A photograph of stranded officials at the Uffizi Gallery after the floodwaters had 
isolated it.  Left to right: Dr. Becherucci, Keeper of the Gallery; Prof. Procacci, Superintendent 
of Galleries; Mazzino Fossi, Inspector of Monuments; Dr. Baldini, head of the Restoration 
Department; Edo Masini, restoration expert; Sig. Acciai, Export Department; and vice-head of 





Figure C.29: The chemistry bench of Grand Duke Pietro Leopoldo of Lorraine, restored by 





























Figure C.35: A 14th century fresco discovered on a wall at the Church of San Remigio after the 





















Figure C.40: Madonna by Niccolò sent to Florence to be restored and then further damaged by 








Figure C.42: Flood damaged furniture beneth Death of St. Francis, a fresco by Giotto that 




Figure C.43: Peeling paint on the Nativity by Maso di San Friano in the Church of the SS. 








Figure C.45: Oil stain on the 16th century copy of the Holy Annuncation in the cloister of the 





























GHAT- The Acropolis Museum 




Earthquake: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 0 14 3 1 
 
Tsunami: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Location, Coastal Y/N ● ● ● ● 
Bathymetry ● <10o 10 – 40o 40 – 80o 80 – 90o 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Collection ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Collection ● Paper/ canvas Wood Metal Stone 
Total  0 8 5 3 2 
 
Volcano: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel (lahar) Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 0 8 0 0 4 
 
Neglect: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 6 0 
 
Accident: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 





Vandalism: The Acropolis Museum 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total 0 0 5 8 0 
 
Warfare: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 1 10 0 4 1 
 
Theft: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 10 5 9 1 
 
Wind: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 










Water: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total  2 0 10 4 2 
 
Ice: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per 
year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  2 0 0 0 3 
 
Flood: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land surface Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 










Fire: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in drought 1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 6 4 1 
 
Mass-wasting: The Acropolis Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 


















GHAT- Crystal Bridges Museum of American Art 




Earthquake: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 0 7 6 1 
 
Tsunami: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Location, Coastal Y/N ● ● ● ● 
Bathymetry ● <10o 10 – 40o 40 – 80o 80 – 90o 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Collection ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Collection ● Paper/ canvas Wood Metal Stone 
Total  0 8 10 2 1 
 
Volcano: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel (lahar) Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 1 0 10 0 2 
 
Neglect: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 4 0 
 
Accident: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 





Vandalism: Crystal Bridges Museum of American Art 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total 0 10 18 2 0 
 
Warfare: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 0 0 7 4 1 
 
Theft: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 10 15 3 1 
 
Wind: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 










Water: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total  0 8 12 2 2 
 
Ice: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  3 0 21 4 0 
 
Flood: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 











Fire: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 20 0 1 
 
Mass-wasting: Crystal Bridges Museum of American Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 


















GHAT- Dallas Museum of Art 




Earthquake: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 9 0 8 1 
 
Tsunami: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Location, Coastal Y/N ● ● ● ● 
Bathymetry ● <10o 10 – 40o 40 – 80o 80 – 90o 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Collection ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Collection ● Paper/ canvas Wood Metal Stone 
Total  0 8 10 2 1 
 
Volcano: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel (lahar) Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 0 0 10 0 2 
 
Neglect: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 6 0 
 
Accident: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 





Vandalism: Dallas Museum of Art 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total 0 9 18 3 0 
 
Warfare: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 0 0 7 3 1 
 
Theft: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 9 18 3 1 
 
Wind: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 










Water: Dallas Museum of Art  
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total  1 27 0 3 2 
 
Ice: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per 
year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  2 10 0 0 3 
 
Flood: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 










Fire: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 16 10 0 2 
 
Mass-wasting: Dallas Museum of Art 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 

















GHAT- The Getty Center 




Earthquake: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 0 7 8 1 
 
Tsunami: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Location, Coastal Y/N ● ● ● ● 
Bathymetry ● <10o 10 – 40o 40 – 80o 80 – 90o 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Collection ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Collection ● Paper/ canvas Wood Metal Stone 
Total  0 8 12 3 1 
 
Volcano: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel (lahar) Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 0 8 10 0 2 
 
Neglect: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 6 0 
 
Accident: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 





Vandalism: The Getty Center 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total 0 0 12 9 0 
 
Warfare: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 0 0 7 3 1 
 
Theft: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 0 12 9 1 
 
Wind: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 










Water: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total  0 8 18 0 2 
 
Ice: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per 
year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  2 10 0 0 3 
 
Flood: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 










Fire: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 40 12 0 0 
 
Mass-wasting: The Getty Center 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
















GHAT- The Getty Villa 




Earthquake: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 10 14 0 1 
 
Tsunami: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Location, Coastal Y/N ● ● ● ● 
Bathymetry ● <10o 10 – 40o 40 – 80o 80 – 90o 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Collection ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Collection ● Paper/ canvas Wood Metal Stone 
Total  1 10 7 4 2 
 
Volcano: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel (lahar) Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 1 8 0 2 3 
 
Neglect: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 8 0 
 
Accident: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 





Vandalism: The Getty Villa 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total 0 0 15 4 0 
 
Warfare: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 0 0 7 4 1 
 
Theft: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 0 20 2 1 
 
Wind: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 










Water: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total  1 16 0 6 1 
 
Ice: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per 
year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  4 0 5 0 3 
 
Flood: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 










Fire: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 30 7 2 1 
 
Mass-wasting: The Getty Villa 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 

















GHAT- The Israel Museum 




Earthquake: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 0 14 4 1 
 
Neglect: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 4 0 
 
Accident: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 7 4 4 
 
Vandalism: The Israel Museum 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total   7 16  
 
Warfare: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 




Theft: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other precious 
material 
Y/N ● ● ● ● 
Total  0 0 12 9 1 
 
Wind: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total 1 0 18 3 1 
 
Ice: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per year 
Frequency ● >4 events per year 2-3 events per year 2-1 events per year <1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  3 8 0 0 3 
 
Flood: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 





Fire: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 36 12 0 0 
 
Mass-wasting: The Israel Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
















GHAT- The Louvre 





 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 10 0 4 1 
 
Neglect: Louvre 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 3 1 
 
Accident: Louvre 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 8 4 
 
Vandalism: Louvre 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total 1 10 7 12 0 
 
Warfare: Louvre 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 





 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other precious 
material 
Y/N ● ● ● ● 
Total  0 20 0 6 1 
 
Wind: Louvre 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total 2 0 12 6 1 
 
Ice: Louvre 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per year 
Frequency ● >4 events per year 2-3 events per year 2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  2 0 5 6 0 
 
Flood: Louvre 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 





 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 0 0 5 
 
Mass-wasting: Louvre 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 

















GHAT- Naples National Archaeological Museum 




Earthquake: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 0 21 0 1 
 
Volcano: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel 
(lahar) 
Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 0 10 7 8 1 
 
Neglect: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 8 0 
 
Accident: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 8 4 
 
Vandalism: Naples National Archaeological Museum 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 





Warfare: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 1 0 7 4 1 
 
Theft: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 0 12 9 1 
 
Wind: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total 1 0 5 6 2 
 
Ice: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per year 
Frequency ● >4 events per year 2-3 events per year 2-1 events per year <1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 







Flood: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Total  0 8 0 12 2 
 
Fire: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in drought 1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to last 
drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 5 2 3 
 
Mass-wasting: Naples National Archaeological Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
















GHAT- National Archaeology Museum of Athens 




Earthquake: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 0 21 0 1 
 
Volcano: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel 
(lahar) 
Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 0 8 0 8 2 
 
Neglect: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 4 0 
 
Accident: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 8 4 
 
Vandalism: National Archaeology Museum of Athens 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 





Warfare: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 1 0 7 4 1 
 
Theft: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 0 12 9 1 
 
Wind: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total 1 0 0 8 1 
 
Ice: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per year 
Frequency ● >4 events per year 2-3 events per year 2-1 events per year <1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 









Flood: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Total  0 8 0 8 2 
 
Fire: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 0 4 3 
 
Mass-wasting: National Archaeology Museum of Athens 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
















GHAT- The Pérez Art Museum 




Earthquake: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 8 5 2 1 
 
Tsunami: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Location, Coastal Y/N ● ● ● ● 
Bathymetry ● <10o 10 – 40o 40 – 80o 80 – 90o 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Collection ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Collection ● Paper/ canvas Wood Metal Stone 
Total  2 40 7 0 0 
 
Neglect: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 1 0 0 4 0 
 
Accident: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 2 0 0 2 5 
 
Vandalism: Pérez Art Museum 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 





Warfare: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 2 0 5 2 1 
 
Theft: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 0 10 9 1 
 
Wind: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total 3 20 7 4 1 
 
Water: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 





Ice: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per 
year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  2 10 0 0 3 
 
Flood: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Total  4 30 7 4 3 
 
Fire: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 5 0 4 
 
Mass-wasting: Pérez Art Museum 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
















GHAT- Smithsonian Institution 




Earthquake: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 20 5 0 1 
 
Neglect: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 2 16 0 0 0 
 
Accident: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 3 0 0 12 3 
 
Vandalism: Smithsonian Institution 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total 0 0 14 12 0 
 
Warfare: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 




Theft: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  1 0 14 12 1 
 
Wind: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total 3 0 7 8 1 
 
Water: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total  1 40 0 6 0 
 
Ice: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 




Flood: Smithsonian Institution 
 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Total  3 40 10 2 2 
 
Fire: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total     6 
 
Mass-wasting: Smithsonian Institution 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
















GHAT- Uffizi Gallery 




Earthquake: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total  9 7 4 1 
 
Tsunami: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Location, Coastal Y/N ● ● ● ● 
Bathymetry ● <10o 10 – 40o 40 – 80o 80 – 90o 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Collection ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Collection ● Paper/ canvas Wood Metal Stone 
Total   8 0 4 1 
 
Volcano: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel (lahar) Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 1 8 12 2 1 
 
Neglect: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 2 0 0 6 0 
 
Accident: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 





Vandalism: Uffizi Gallery 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total 0 0 12 9 0 
 
Warfare: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 1 10 0 4 1 
 
Theft: Uffizi Gallery  
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 10 6 9 1 
 
Wind: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 










Water: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total  0 9 10 6 4 
 
Ice: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per 
year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  2 0 7 0 3 
 
Flood: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 










Fire: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 0 9 1 
 
Mass-wasting: Uffizi Gallery 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 




















 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 30 0 0 1 
 
Tsunami: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Location, Coastal Y/N ● ● ● ● 
Bathymetry ● <10o 10 – 40o 40 – 80o 80 – 90o 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Collection ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Collection ● Paper/ canvas Wood Metal Stone 
Total  2 40 7 0 0 
 
Volcano: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel (lahar) Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 1 40 0 0 1 
 
Neglect: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 2 20 0 0 0 
 
Accident: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 





  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 
Total 1 30 14 0 0 
 
Warfare: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 0 0 7 8 0 
 
Theft: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 40 7 4 0 
 
Wind: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 











 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total  2 40 14 0 0 
 
Ice: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per 
year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  2 0 7 0 3 
 
Flood: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 











 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 0 0 5 
 
Mass-wasting: Catastrophic 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted sedimentary Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 






















 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 0 7 12 0 
 
Volcano: Moderate 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel 
(lahar) 
Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total 0 10 7 4 1 
 
Neglect: Moderate 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 0 0 0 8 0 
 
Accident: Moderate 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 0 0 0 12 3 
 
Vandalism: Moderate 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 






 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 0 10 0 0 2 
 
Theft: Moderate 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 10 7 8 2 
 
Wind: Moderate 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total 1 0 0 12 2 
 
Water: Moderate 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N ● ● ● ● 
Location, bay Y/N ● ● ● ● 
Location, harbor Y/N ● ● ● ● 
Location, river mouth Y/N ● ● ● ● 
Location, inlet Y/N ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 






 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  3 20 14 0 0 
 
Flood: Moderate 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Total  0 0 0 12 4 
 
Fire: Moderate 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 21 4 1 
 
Mass-wasting: Moderate 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted 
sedimentary 
Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 























 Y/N 10 – 8 7 – 5 4 – 2 1 
Substrate  ● Fill/ alluvium Thin alluvium on 
bedrock 
Sold rock (sed.) Solid rock 
igneous (in/ex) 
Fault proximity ● >100 m 100 – 1,000 m 1 – 10 km 10 km< 
Construction ● Masonry Brick Steel frame Wood frame 
Collection ● Glass/ fine ceramic Statuary Panting  Paper  
Heating/ cooking gas  Y/N ● ● ● ● 
Total 0 0 0 12 1 
 
Volcano: Low 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity  ● <1 km 1 – 10 km 10 – 50 km >50 km 
Frequency ● <100 years 100 – 500 years 500 – 1,000 years  >1,000 years 
Magnitude ● Composite ● ● Shield 
Location, stream channel 
(lahar) 
Y/N ● ● ● ● 
Construction ● Wood Steel/glass Brick  Masonry 
Collection ● Paper/wood Canvas Glass/metal Stone 
Total  10 14 0 2 
 
Neglect: Low 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Oversight  ● Intermittent Weekly Daily Constant 
Involvement ● Intermittent Weekly Daily Constant 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 2 0 0 0 2 
 
Accident: Low 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity, processing plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, chemical storage ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, arsenal ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, highway ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, rail line ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Proximity, nuclear plant ● <100 m 100 – 1,000 m 1 – 10 km >10 km 
Storage, unstable compounds Y/N ● ● ● ● 
Collection, diverse Y/N ● ● ● ● 
Storage, complex Y/N ● ● ● ● 
Total 2 0 0 8 4 
 
Vandalism: Low 
  Y/N 10 – 8 7 – 5 4 – 2 1 
Accessibility  ● Out in open Roped off Encased  Not on display 
Security ● None  Intermittent Moderate  Stringent 
Protections ● None  Intermittent Moderate  Stringent 
Contents, controversial Y/N ● ● ● ● 
Collection ● Fragile Insubstantial  Intermittent  Sturdy 
Employees ● Disgruntled Sullen  Satisfied  Content 






 Y/N 10 – 8 7 – 5 4 – 2 1 
Proximity ● <1 km 1 – 10 km 10 – 50 km >50 km 
Contents, important to national 
pride 
Y/N ● ● ● ● 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total 0 0 7 4 1 
 
Theft: Low 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Access  ● Out in open Roped off Encased  Not on display 
Security  ● None  Intermittent Moderate  Stringent 
Protections  ● None  Intermittent Moderate  Stringent 
Contents, size ● <50 cm 50 – 1,000 cm 1 – 10 m >10 m 





Employees ● Minimum wage ● ● Well paid 
Collection, gold or other 
precious material 
Y/N ● ● ● ● 
Total  0 0 7 8 3 
 
Wind: Low 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >250 km/h 250 – 200 km/h 200 – 100 km/h <100 km/h 
Fetch ● >50 km 50 – 10 km 10 – 1 km <1 km 
Architecture ● Not up to code ● ● Up to code 
Central air Y/N ● ● ● ● 
Cyclone region Y/N ● ● ● ● 
Tornado region Y/N ● ● ● ● 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 
Total 2 0 7 4 3 
 
Water: Low 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Bathymetry ● <10o 10 – 40o   40 – 80o 80 – 90o 
Hypsometry ● <9 m 9 – 20 m 20 – 30 m >30 m 
Proximity ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Cyclone region Y/N  ● ● ● ● 
Location, bay Y/N  ● ● ● ● 
Location, harbor Y/N  ● ● ● ● 
Location, river mouth Y/N  ● ● ● ● 
Location, inlet Y/N  ● ● ● ● 
Contents  ● Paper/ canvas Wood Stone Metal 
Contents  ● Fragile Insubstantial  Intermittent  Sturdy 






 Y/N 10 – 8 7 – 5 4 – 2 1 
Magnitude ● >1 m per year 1.0 – 0.5 m  0.5 – 0.15 m <0.15 m per year 
Frequency ● >4 events per 
year 
2-3 events per 
year 
2-1 events per 
year 
<1 per year 
Temperature, winter average ● <15o 15 – 30o 30 – 40o >40o 
Roof ● <10o 10 – 40o 40 – 80o 80o – 90o 
Location, mountainous Y/N ● ● ● ● 
Location, power lines Y/N ● ● ● ● 
Location, large limbed trees Y/N ● ● ● ● 
Building, water pipes Y/N ● ● ● ● 
Total  2 0 7 12 0 
 
Flood: Low 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● <10o 10 – 40o 40 – 80o 80 – 90o 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Proximity, river ● <3 m 3 – 100 m 100 – 1,000 m >1 km 
Location, floodplain Y/N ● ● ● ● 
Architecture ● Below land 
surface 
Single story 2 – 3 stories More than three 
stories above 
River, dammed Y/N ● ● ● ● 
River, dammed ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, levied Y/N ● ● ● ● 
River, levied ● <100 m 100 – l,000 m 1 – 2 km >2 km 
River, channelized Y/N ● ● ● ● 
Contents ● Paper/ canvas Wood Stone Metal 
Contents ● Fragile Insubstantial  Intermittent  Sturdy 
Contents ● <1 g 1 g – 1 kg 1 kg – 1 ton >1 ton 
Total  0 10 14 12 3 
 
Fire: Low 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography  ● >45o 45 – 25o 25 – 10o <10o 
Aridity  ● Currently in 
drought 
1 – 4 years to 
last drought 
5 – 9 years to last 
drought 
>10 years to 
last drought 
Plant cover ● >75% covered 74 – 49% 50 – 26% <25% 
Architecture  ● Wood Steel and glass Brick  Stone  
Climate  ● Mediterranean ● ● Temperate 
Contents  ● Paper/ canvas Wood Metal Stone 
Total 0 10 7 4 3 
 
Mass-wasting: Low 
 Y/N 10 – 8 7 – 5 4 – 2 1 
Topography ● >45o 45 – 25o 25– 10o <10o 
Substrate  ● Salt/ carbonate Alluvium  Tilted 
sedimentary 
Granite (solid) 
Location, mountainous  Y/N ● ● ● ● 
Base level ● <4 m 5 – 10 m 10 – 50 m >50 m 
Total 0 0 0 8 0 
 
 
